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Summary  of  Activities  Supported  by  the  Grant 


This  grant  supported  (in  part)  the  participation  of  nine  US  speakers  at  the  Trends  in  Nano 
Technology  Conference  (TNT  2003),  held  in  the  Period  September  15  to  September  19, 
in  Salamanca,  Spain.  In  the  Program  that  is  shown  in  the  following  the  names  of  the  US 
scientists  that  received  support  from  this  grant,  and  the  titles  of  their  key-note  talks  are 
highlighted  (in  green). 
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3.  Clifford  Kubiak  (UCSD) 

4.  Uzi  Landman  (Georgia  Institute  of  Technology) 

5.  Elisa  Riedo  (Georgia  Institute  of  Technology) 

6.  Miguel  Salmeron  (Lawrence  Berkeley  Laboratories) 

7.  Ivan  Schuller  (UCSD) 

8.  Gary  Schuster  (Georgia  Institute  of  Technology) 

9.  Joseph  Strocio  (NIST,  Maryland) 
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$1,120 
$1,250 
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$1,250 
$1,250 
$1,250 
$  520 

$  120 


TOTAL 


$10,000 


The  program  of  the  TNT  2003  Conference  is  displayed  below: 
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TNT  2003  Conference  Programme 


Sunday,  14  th  September  2003 


17h00-20h00  REGISTRATION 


20h00 

WELCOME  RECEPTION  j. 

At  Faculty  of  Science,  Faculty  of  •  [ 

Physics  Building  ‘  J 

In  front  of  the  Faculty  Of  Chemistry  :  j 

Building  (Conference  location)  1 ;  .  .5 

Sponsored  by  NIMS  (Japan) 

Week  Schedule 

Monday,  15 
th 


Wednesday.  17  th  I  Thursday.  18  th 


Friday.  19 


th 


K:  Keynote  Lecture  /  O:  Oral  presentation 


.  ,  V  ("If 

SCIENTIFIC  PROGRAM 


Monday,  15  th  September  2003 


08h00  - 
09h00 

REGISTRATION 

09h00  - 

Welcome  and  Introduction 
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Chairman:  Ron  Reifenberger 


09hl5-09h45 

Masakazu  Aono  (Nanomaterials  Laboratory-NIMS,  Japan) 
"Control  of  atomic  and  Molecular  Dynamic  Processes  oh  the 
Nanoscale" 

K 

09h45-10hl5 

Catherine  Brechignac  (Laboratoire  Aime  Cotton-CNRS, 

Fran  cel  "Self- Alignment  of  Silver  Nano-Chains  from  Cluster 
Deposition  on  Starined  Surface" 

K 

10hl5-10h45 

n>£hndio^^B'A^:i‘i4tiCMflic  "Scale  'Seasurthnenf  and 

Fal»icatMi 

K 

10h45-llh00 

Peter  M.  Albrecht  (University  of  Illinois,  USA)  “Atomic-scale 
Characterisation  of  Single-walled  Carbon  Nanotubes  on  H- 

0 

passivated  Silicon  Surfaces  using  a  UHV-STM" 

Ilh00-llh30 

Coffee  Break  /  Poster  Session  A  -  Instrument  Exhibition 

Chairman:  Catherine  Brechignac 

Ilh30-12h00 

Jose  Ignacio  Pascual  (ICMAB-CSIC,  Spain)  “Control  of  a 
Single-Bond  Cleavage  with  Mode-Specific  Strategies” 

K 

12h00-12h30 

K 

12h30-12h45 

Jascha  Repp  (IBM  Zurich  Research  Laboratoiy,  Switzerland) 
“LTSTM  Investigations  on  Ultrathin  Insulating  Films: 

O 

NACL/CU  Interface  States  and  Adsorption  of  Metal  Atoms” 

12h45-13h00 

Thomas  A.  Jung  (Paul  Scherrer  Institute,  Switzerland)  “Self 
Intermixed  Monolaver  Phases:  Fullerenes  Self-intermixed  with 

O 

Phthalocvanines” 

13h00-13hl5 

Roberto  Otero  (University  of  Aarhus,  iNANO,  Denmark) 
“Controlling  the  diffusion  of  large  organic  molecules  by  means 

o 

of  STM  manipulation” 

13hl5-13h30 

Walter  Arnold  (University  of  Saarbrucken  -  FhG-IZFP, 

Germ  an  v)  "Quantitative  Measurement  of  Elastic  Constants  of 
Anisotropic  Materials  bv  Atomic  Force  Acoustic  Microscopy” 

0 

13h30-15hl5 

Lunch 

Chairman:  Joseph  A.  Strocio 

15hl5-15h45 

Denis  Koltsov  (University  of  Cambridge  /  Nanoscience,  UK) 
"Nanometre  and  Nanosecond  Properties  of  Ferromagnets" 

K 

15h45-16hl5 

David  Walton  (University  of  Sussex.  UK)  "Nanoscience 

Research  at  Sussex" 

K 

Chairman:  Masakazu  Aono 

16hl5-16h45 

K 

4 


16h45-17hl5 

•Kazuhiko  Matsumoto  (Osaka  University,  Japan)  “Defective 
Carbon  Nanotube  Channel  Single  Electron  Transistor  with 

K 

Ultra-High  Coulomb  Energy  of  5000  K” 

17hl5-17h45 

K 

17h45-20h30 

Poster  Session  A  /  Refreshments 

PS 

Tuesday,  16  th  September  2003 


Chairman:  Flemming  Besenbacher 


08h45-09hl5 


09hl5-09h45 


09h45-10h00 


10h00-10hl5 


10hl5-llhl5 


Ilhl5-llh45 


Ron  Reifenberger  (Purdue  University,  USA)  "Measuring 
Molecular  Conductance:  A  Review  of  Experimental 


Approaches" 


Toyo  Kazu  Yamada  (NSRIM  University  of  Nijmegen, 
Netherlands)  “Observation  of  Spin-polarised  Surface  States  on 
Ultra-thin  bet  MnfflOU  Films  bv  Spin-polarised  Scanning 


Tunneling  Spectrosco 


Jaume  Veciana  (Institute  de  Ciencia  de  Materiales  de 
Barcelona,  CSIC,  Spain)  “Deposition  and  Nanopatteming  of 
Mnl2  Single-Molecule  Magnets  on  Surfaces  with  Size  and 


Positional  Control  at  Multiple  Length  Scales” 


Coffee  Break  -  Poster  Session  A  -  Instrument  Exhibition 


Chairman:  Rodolfo  Miranda 


Dieter  Kem  (Tuebingen  University,  Germany)  "Materials  Issues 


Urs  Duerig  (IBM  Zurich  Research  Laboratory,  Switzerland) 
1  Ih45-12hl5  "Millipede1  -  Integrating  Nanotechnology  into  a  Working 
Storage  devices" 


Satoshi  Kawata  (Osaka  University,  Japan)  “Near  Field  Raman 
1  ’  Microscopy  for  Nanostructure  Imaging  and  Analysis” 


Giyuu  Kido  (Nanomaterials  Laboratory-NIMS,  Japan) 
12h45-13hl5  "Fabrication  of  nano-Films  for  Solid-States  Quantum 
Computer" 


Enrique  Calleja  (UPM,  Spain)  "Self-Organized  AlgaN/GaN  Q 

13hl5-13hJU  j  Nanostructures  Grown  bv  MBE" 


13h30-15hl5 


Lunch 


Chairman:  Angel  Rubio 
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15hl5-I5h45 


15h45-16hl5 


Flemming  Besenbacher  (Aarhus  University,  Denmark) 
"Diffusion  Adatoms  and  Vacancies  on  metal  and  Oxide 
Surfaces  Revealed  by  High-Resolution.  Fast-Scanning  STM" 


16hl5-16h45  |  Paulo  Freitas  (INESC,  Portugal) 


16h45-17h00 


17h00-18h00 


18h00-18hl5 


18hl5-18h30 


18h30-19h00 


19h00-19h30 


Danny  Porath  (The  Hebrew  University,  Israel)  “Novel  DNA- 
based  Molecular  Nanowires” 


Coffee  Break  -  Poster  Session  A  -  Instrument  Exhibition 


Chairman:  Juan  Jose  Saenz 


Patrick  Van-Hove  (European  Commission  /  IST-FET,  Belgium) 
"Nanotechnology  Information  Devices  Proactive  Initiativejn 


FP6" 


Jason  J.  Davis  (University  of  Oxford,  UK)  “Metalloprotein 
Biomolecular  Electronics” 


Martin  Hegner  (NCCR  Nanoscale  Science,  University  of  Basel, 
Switzerland)  “Multifunctional  Cantilever  Arrays  for  Label-Free  K 
Detection” 


Rodolfo  Miranda  (Universidad  Autonoma  de  Madrid,  Spain) 
"Observing  the  electronic  states  of  Room-Temperature-stable 


Metallic  nanostructrured" 


GUIDED  TOUR  OF  S  ALAMANCA 


Wednesday,  17  th  September  2003 


Chairman:  Erio  Tosatti 


.....  Angel  Rubio  (DIPC,  Spain)  “Optical,  Infrared  and  STM 

Spectroscopies  of  Carbon  and  BN  Nanotubes” 


Inder  P.  Batra  (University  of  Illinois  at  Chicago,  USA) 

09h00-0yfi30  “Electronic  Properties  of  Free  and  Supported  Nanowires” 

. . . . . . . .  . - .  . . — - 


Tord  Claeson  (Chalmers  University  of  Technology,  Sweden) 
“Transport  and  charging  of  single  molecules  between  2  nm 
09h30-10h00  spaced  electrodes:  influence  of  distinctly  different  charged 

states  of  the  conjugate  molecule  and  of  the  image  charge  in  the 
1  electrodes” 


Daniel  Sanchez-Portal  (DIPC,  Spain)  “First-principles 
10h00-10hl5  Calculations  of  Charge  Transfer  Rates  from  Photoexcited 
Adsorbates  into  Metal  Substrates” 


Juan  Jose  Palacios  (University  of  Alicante,  Spain)  "Electronic 
10hl5-10h30  Transport  and  vibrational  modes  in  the  smallest  molecular 
bridge:  H2  in  Pt  nanocontacs" 
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1 lhOO-1 lh30 


Ilh30-12h00 


12h00-12h30 


12h30-12h45 


12h45-13h00 


13h00-14h45 


14h45-15hl5 


15hl5-15h30 


15h30-15h45 


15h45-16h00 


16h00-16hl5 


16hl5-16h30 


16h30-16h45 


16h45  -17hl5 


17hl5-18h45 


Coffee  Break  -  Instrument  Exhibition 


Chairman:  Uzi  Landman 


Jose-Luis  Martins  (INESC  MN,  Portugal)  “Mesoscopic 
simulation  of  magnetic  thin  films” 


Erio  Tosatti  (SISSA-ISAS,  Italy)  “Magnetic  Phenomena  in 
Monatomic  Transition  Metal  Nanowires” 


Jean-Jacques  Greffet  (Ecole  Centrale  Paris  —  CNRS,  France) 
“Coherent  Emission  of  Thermal  Light  by  Microstructures” 


Xavier  Oriols  (Universidad  Autonoma  de  Barcelona,  Spain) 
“Non-universal  Conductance  Quantisation  for  Lon 
Wires:  the  Role  of  the  Exchange  Interaction” 


TNT2003  CONFERENCE  GROUP  PHOTOGRAPH 


Chairman:  Tord  Claeson 


Christian  Joachim  (CEMES-CNRS,  France)  “An  Intramolecular 
Quantum  Hamiltonian  Logic  Gate” 


Paolo  Visconti  (University  of  Lecce,  Italy)  “Fabrication  of 
Nanodevices  with  sub  10  nm  Scale  for  Transport  Experiments 


on  Molecules” 


Andrea  Camposeo  (University  of  Pisa,  Italy)  “Fabrication  of 
Ordered  Nano  sized  Structures  by  Laser  Manipulated  Neutral 


Atoms” 


Yann  Kervennic  (Delft  University  of  Technology,  Netherlands) 
“Contacting  and  Measuring  Small  Conjugated  Organic 


Molecules” 


Robert  Stadler  (CEMES-CNRS,  France)  “Integrating  Logic 
Functions  Inside  a  Single  Molecule” 


Chris  Mills  (Barcelona  Science  Park,  Spain)  “Nanofabrication 
with  Polymers  for  Biomedical  Applications” 


Patrick  Carlberg  (Lund  University,  Sweden)  “Structure  for  Life 
Applications  Fabricated  by  Nanoimprint  Lithography” 


Ramon  Compano  (European  Commission)  "Open  Questions  to 
Nanotechnology” 


Coffee  Break  -  Poster  Session  B  -  Instrument  Exhibition 


RECEPTION  AT  “PATIO  DE  ESCUELAS” 


-  t  '  (  -  ■  _ 


08h30-08h45 


Thursday,  1 8  th  September  2003 


Chairman:  Clivia  Sotomayor  Torres 


Michael  Forshaw  (University  College  London,  UK)  “A  Review 
of  Nanoarchitecture” 
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EFFECTIVE  ELECTRON  MICROREFRIGERATION  BY  SIN  TUNNEL 
JUNCTIONS  WITH  ADVANCED  GEOMETRY  OF  ELECTRODES 

Ian  Jasper  Agulo1.  Leonid  Kuzmin2,  Michael  Fominsky3  and  Michael  Tarasov4 
Department  of  Microtechnology  and  Nanoscience,  Quantum  Device  Physics  Laboratory 
Chalmers  University  of  Technology,  SE-412  96  Goteborg,  Sweden 
E-mail:  ' agulo@fv.chaliners.se.  2kuzm in@fv.chalmers.se.  Jfominsky@fv.chalmers.se, 

4tarasov@fv.chalmers.se 

We  demonstrate  effective  electron  cooling  of  normal  strip  by  superconductor-insulator- 
normal  metal  (SIN)  tunnel  junctions.  This  was  achieved  by  two  methods:  first,  by  using  an 
advanced  geometry  of  the  superconducting  electrode;  and,  second,  by  adding  a  normal  metal 
metal  trap  near  the  cooling  junctions.  With  simple  cross  geometry  and  no  metal  traps,  the 
decrease  in  electron  temperature  is  56  mK.  With  the  improvement  of  the  geometry  of 
superconducting  electrodes,  the  decrease  in  electron  temperature  is  129  mK.  With  the  addition 
of  normal  metal  traps,  the  electron  temperature  decreased  by  197  mK.  This  is  the  best  electron 
cooling  ever  achieved  (Fig.  1). 

We  attribute  this  effective  electron  cooling  to  the  reduction  of  the  number  of  quasiparticles  in 
the  superconducting  electrode.  At  voltages  slightly  below  the  superconducting  gap,  hot 
electrons  in  the  normal  metal  tunnel  through  the  barrier  and  appear  as  quasiparticles  in  the 
superconducting  electrode.  In  order  to  achieve  effective  electron  cooling  by  SIN  tunnel 
junctions,  quasiparticle  density  in  the  superconductor  must  be  reduced.  To  do  this,  previous 
articles  [1,2]  have  suggested  increasing  electrode  thickness  and  adding  normal  metal  traps. 

Both  methods  of  electrode  enhancement  facilitate  the  removal  of  quasiparticles  from  the 
electrode  (Fig.2). 

Figure  3  shows  an  atomic  force  microscopy  image  of  our  device.  There  are  four  junctions. 

The  outer  pair  of  junctions  is  used  for  cooling  junctions,  while  the  inner  pair  for  temperature 
sensing.  The  edges  of  the  cooling  junctions  are  equidistant  to  the  edge  of  the  gold  traps 
separated  by  a  distance  of  about  750  nm.  They  are  electrically  connected  through  the 
superconducting  electrode. 

Figure  4  shows  the  schematic  diagram  of  the  bolometer  structure  both  with  advanced 
geometry,  one  with  (b)  and  the  other  without  (b)  normal  metal  traps.  In  both  diagrams,  the 
geometry  of  the  aluminum  electrodes  around  the  cooling  junctions  gives  more  space  for 
quasiparticle  diffusion  from  the  tunnel  junctions  than  those  at  the  middle  junctions.  This 
decreases  the  probability  of  quasiparticles  accumulating  at  the  junction  region.  Adding  a 
normal  metal  trap,  as  shown  in  figure  2b,  leads  to  more  effective  cooling  since  it  removes  and 
traps  quasiparticles. 

Our  results  were  compared  to  theoretical  calculations  developed  by  Golubev  and  Kuzmin  [3]. 
Comparison  reveals  good  coincidence  between  experimental  results  and  theory  as  bias  is 
increased.  At  temperatures  of  about  300-400  mK,  the  cooling  of  normal  metal  electrons  is  the 
dominant  process.  Going  down  to  20  mK,  the  effect  of  heating  due  to  bias  current  and 
quasiparticle  back  absorption  effects  begins  to  be  evident. 

Comparison  of  experimental  results  to  theory  also  shows  some  discrepancy.  At  temperatures 
greater  than  150  mK,  our  experiments  show  even  better  cooling  than  theory  predicts.  In  the 
theory,  only  the  heat  flow  from  the  electron  subsystem  to  the  phonon  one  in  the  normal  metal 
is  analyzed,  since  the  Kapitza  resistance  is  negligible  compared  to  the  electron-phonon 
thermal  resistance  in  the  normal  metal.  However,  if  the  normal  electrode  is  thermally  isolated, 
such  as  probably  in  our  case  where  we  use  SiC>2  as  substrate,  refrigeration  of  the  lattice 

TNT2003  September  15-19, 2003  Salamanca-Spain  1 


Poster 


becomes  possible.  The  decoupling  between  the  two  phonon  subsystems  should  therefore  be 
also  considered  in  the  theory.  This  revision,  which  includes  this  particular  decoupling  for 
better  fitting  with  experimental  data,  is  in  progress. 


References: 

[1]  J.  P.  Pekola,  D.  V.  Anghel,  T.  I.  Suppula,  J.  K.  Suoknuuti,  A.  J.  Manninen,  Appl.  Phys. 
Lett,  76  (2000)  2782. 

[2]  J.  N.  Ullom,  P.  A.  Fisher,  M.  Nahum,  Physical  Review  B,  61  (2000)  14839. 

[3]  D.  Golubev,  L.  Kuzmin,  J.  of  Appl.  Phys,  89  (2001)  6464. 


Figures: 


Voltage  (nV) 

FIGURE  1.  The  dependence  of  electron  temperature  on  voltage  for 
different  superconducting  electrode  configurations.  The  best  electron 
cooling  was  observed  for  the  electrode  with  normal  metal  trap,  displaying  a 
temperature  drop  of  1 97  mK. 


FIGURE  3  AFM  picture  of  the  tunnel  junctions  with  the  normal  metal  trap. 
The  two  outer  tunnel  junctions  are  the  cooling  junctions,  while  the  two 
inner  junctions  were  used  for  temperature  measurements.  Gold  was  used  as 
the  normal  metal  trap.  It  has  a  rounded  edge  around  the  cooling  junctions  in 
order  to  achieve  uniform  junction-to-trap  distances.  Aluminum  was  used  as 
the  superconducting  electrode  It  was  evaporated  on  gold  with  a  thickness 
of  about  65  nm,  followed  by  oxidization  to  form  the  tunnel  barrier.  A  bi¬ 
layer  of  chromium/copper  was  subsequently  evaporated  to  form  the  normal 
metal,  with  a  thickness  of  about  70  nm.  The  junctions  were  fabricated  using 
shadow  evaporation  technique 


S-l-N  junction  as  an  electronic  "cooler  -  heater".  N  trap 


FIGURE  2.  At  voltage  near  the  superconducting  gap  voltage,  hot  electrons 
tunnel  through  the  barrier  and  appear  as  quasiparticles  in  the 
superconductor.  These  quasiparticles  may  back  tunnel  or  combine  with 
other  quasiparticles  to  form  Cooper  pairs  emitting  a  phonon  in  the  process, 
which  can  also  proceed  back  to  the  normal  metal.  Both  processes 
contribute  to  the  heating  of  the  absorber.  To  remove  quasiparticles,  a 
normal  metal  trap  is  added  near  the  tunnel  junction  to  minimize  the 


of  outer  junctions  (a)  without  and  (b)  with  normal  metal  traps  The  grainy 
areas  in  (b)  indicate  metal  regions  with  gold  underneath  it. 
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MAGNETO-OPTICS  AND  MAGNETIC  INTERACTIONS  IN  CO 
NANOSTRUCTURE  ARRAYS 

R.  Alvarez-Sanchez ,  J.L.  Costa-Kramer,  P.  Garci'a-Mochales,  A.  Bengoechea, 

F.  Torres,  and  F.  Briones 

Instituto  de  Microelectronica  de  Madrid,  IMM  (CNM-CSIC) 

Isaac  Newton  8,  PTM,  28760  Tres  Cantos,  Spain 

Proximity  effects  between  micron  and  sub-micron  size  magnetic  elements  in  a  planar  array 
determine  the  integration  limits  of  magnetic  memories  and  nano-patterned  recording  media. 
Magneto-optic  techniques  and,  in  particular  Diffraction  Magneto-Optic  Kerr  Effect 
(DMOKE),  are  most  suited  to  experimentally  investigate  such  effects  as  showing  the  high 
sensitivity  needed  to  monitor  the  magnetization  changes  of  thin  films  and  very  small 
elements.  We  have  previously  shown  also  that  DMOKE  supplies  valuable  information  also 
on  the  magnetization  distribution  (’)  and  anisotropy  (").  On  the  other  hand,  micro-magnetic 
modelling  is  not  only  highly  valuable  interpreting  and  calculating  magnetic  interactions,  but 
permits  also  to  set  the  basis  for  an  extended  model  in  which  electromagnetic  fields  interact 
with  the  array.  In  this  way,  DMOKE  effects  can  be  modelled  and  interpreted. 

In  this  work  the  magnetic  properties  of  arrays  of  micro-squares  of  polycrystalline  Co  are 
studied,  as  a  first  step  on  the  way  of  analysing  sub-micron  magnetic  elements.  The  square 
arrays  are  fabricated  by  e-beam  lithography  and  Co  triode  sputtering  on  glass  substrates,  and 
the  magnetic  response  of  the  arrays  is  measured  by  magneto  optics  (MO)  focussing  a  He-Ne 
laser  within  the  array  (fig.  1).  The  MO  response  is  measured  at  both  reflected  and  diffracted 
beams.  This  magnetic  response  is  measured  exciting  the  array  with  uniaxial  magnetic  fields. 
These  reflected  and  diffracted  beams  MO  dependencies  are  analysed  in  detail  for  Co  arrays 
with  elements  of  the  same  size  and  different  inter  element  separation  in  the  same  range.  This 
allows  to  discern  the  relative  relevance  of  the  magnetic  interaction  between  adjacent  tiles, 
and  the  effect  it  has  on  the  measured  MO  dependencies.  The  experimental  results  are 
correlated  with  micromagnetic  simulations,  that  are  also  used  to  calculate  the  expected  MO 
dependencies  at  the  different  diffracted  beams. 


Fig.  1;  Magneto-optic  setup  for  tile  arrays  measurements. 


Arrays  of  2  pm  tiles  with  the  uniaxial  Co  anisotropy  easy  axis  parallel  to  one  of  the  square 
edges  at  2.0,  1.0,  0.5  and  0.2  pm  separation  are  studied.  Fig.  2  shows  the  hysteresis  loops  for 
tiles  separated  2  pm,  0.2  pm  and  for  the  continuous  film.  As  the  distance  between  tiles 
decreases,  the  hysteresis  loop  trends  to  the  continuous  film  one  as  expected. 
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In  addition,  the  evolution  of  the  diffracted  beams  MO  dependencies  (diffracted  X  -in  the 
polarization  plane-  and  diffracted  Y  -perpendicular  to  the  polarization  plane-,  see  fig.  1)  is 
also  studied  with  the  magnetic  field  applied  along  both  Co  hard  and  easy  axes,  correlating 
these  measurements  with  micromagnetic  simulations.  As  an  example,  in  fig.  3  a  comparison 
is  carried  out  between  the  experimental  loops  and  micromagnetic  simulations  in  the 
particular  case  of  0.2  |am  separation  between  tiles  with  H  parallel  to  the  Co  easy  axis. 


2  pm  separation  between  tiles  0.2  pm  separation  between  tiles  Continuous  film 


Fig.  2:  Hysteresis  loops  for  arrays  of  2  pm  separated  2  pm,  0.2  pm  and  the  continuous  film  with  H  parallel  to 

the  Co  uniaxial  anisotropy  hard  axis. 
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Fig.  3:  Comparison  between  experiments  and  simulations  for  arrays  of  2pm  tiles  separated  0.2pm  with  H 

parallel  to  Co  easy  axis 
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NEAR-FIELD  OPTICAL  MICROSCOPY  OF  POLYMER-BASED  FILMS  WITH 
DISPERSED  TERTHIOPHENE  CHROMOPHORES  FOR  POLARIZER 

APPLICATIONS 

A.  Ambrosio.  M.  Alderighi,  M.Labardi,  L.Pardi,  F.Fuso,  M.  Allegrini 
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S.  Nannizzi,  A.  Pucci,  G.  Ruggeri 
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The  recent  developments  of  near-fieid  scanning  optical  microscopy  (NSOM)  open  the  way  to  investigate  the 
optical  properties  of  samples  with  a  space  resolution  well  below  the  diffraction  limit.  Such  capabilities  make 
NSOM  a  unique  tool  for  the  assessment  of  sample  performance  in  the  sub-micron  range  while  providing 
valuable  information  for  a  deep  understanding  of  the  physical  processes  involved  at  the  local  scale.  In 
particular,  by  combining  NSOM  with  techniques  aimed  at  controlling  the  polarization  state  of  the  light 
coupled  to  the  near-field  probe,  optical  activity  can  be  successfully  investigated  provided  that  suitable 
tapered  optical  fibers  are  used  as  probes  [1]. 

We  have  studied  optical  activity  of  polymer-based  films  with  potential  applications  in  a  variety  of  fields, 
ranging  from  high-tech  packaging  to  liquid  crystal  colour  display  fabrication  [2].  The  films  are  produced 
starting  from  a  toluene  solution  of  a  terthiophene  derivative  chromophore  (3%  wt)  and  a  high-density 
polyethylene,  the  ultra  high  molecular  weight  polyethylene  (UHMWPE).  A  casting  process  with  solvent 
evaporation  is  used  to  obtain  a  bulk  sample,  followed  by  drawing  to  fabricate  films  with  polymer  chains 
aligned  along  the  drawing  direction;  the  dispersed  chromophore  molecules  turn  out  to  align  along  the  same 
direction,  with  a  larger  concentration  close  to  the  upper  surface  of  the  cast.  So-produced  films  turn  out  to 
exhibit  remarkable  optical  activity  due  to  their  dichroic  behavior. 

We  have  analyzed  bulk  samples  and  films  produced  with  different  drawing  ratios.  Furthermore,  since  the 
chromophore  can  be  synthesized  in  both  right-  and  left-handed  isomers,  we  have  explored  the  associated 
effects  by  investigating  samples  containing  only  right-handed  isomers,  and  samples  with  the  same 
concentration  of  the  two  isomers.  Studies  have  been  carried  out  by  using  radiation  from  an  Ar+  laser  operated 
at  488  nm,  a  wavelength  weakly  absorbed  by  the  chromophore.  NSOM  fluorescence  measurements  have 
been  carried  out  by  exciting  the  samples  with  the  violet  radiation  (417  nm)  from  an  external-cavity  coupled 
diode  laser. 

Our  set-up  is  based  on  a  home  made  NSOM.  Polarization  control  is  achieved  by  sending  the  Ar+  laser  beam 
through  a  chain  consisting  of  a  linear  polarizer,  an  electro-optic  modulator  (EOM)  and  a  quarter-waveplate. 
The  linear  polarizer  fixes  a  vertical  polarization  for  the  light,  selected  at  45  degrees  with  respect  to  the  EOM 
axis.  The  EOM  behaves  like  a  waveplate  providing  an  electrically  variable  phase  delay  between  the  two 
components  of  the  incoming  beam.  We  obtain  a  phase  delay  varying  from  0  to  2%  by  biasing  the  EOM 
crystal  with  a  periodic  saw-tooth  voltage  (typical  frequency  3-5  kHz).  In  these  conditions,  the  laser  beam 
emerging  from  EOM  exhibits  time-depending  elliptical  polarizations.  Further  passage  through  the  quarter- 
waveplate  produces  a  linear  polarization  rotating  with  the  same  period  of  the  bias  modulation.  The  laser 
beam  is  then  coupled  into  the  NSOM  optical  fiber  to  illuminate  the  polymer  film  in  the  near-field  through  the 
aperture  of  the  metallized  tip  (nominal  diameter  50  nm).  An  electronic  feedback  circuit,  fed  by  a  photodiode 
collecting  a  portion  of  the  laser  beam  is  used  to  stabilize  the  laser  power  within  the  bandwidth  of  interest. 

The  radiation  transmitted  by  the  sample,  spectrally  selected  by  an  interference  filter  at  488  nm,  is  collected  in 
the  far-field  by  a  lens  and  sent  to  a  miniaturized  photomultiplier  (PMT)  housed  within  the  NSOM  piezo¬ 
scanner  tube.  The  photocurrent,  after  amplification  and  conversion  into  a  voltage  signal,  is  analyzed  by  a 
dual  lock-in  amplifier,  synchronous  with  the  EOM  bias  modulation.  We  recorded  the  demodulated  amplitude 
(ac)  and  phase  (</>)  signals  from  the  lock-in  while  the  NSOM  tip  scanned  the  sample  surface.  We  also  sent 
part  of  the  PMT  signal  to  a  low-pass  filter,  in  order  to  acquire  a  signal  ( dc )  representative  of  the  transmitted 
intensity  averaged  over  all  the  different  polarization  states.  During  each  scan  we  also  acquired  topographical 
images  of  the  surface  by  the  shear  force  method. 
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In  data  analysis,  we  have  accounted  for  the  residual  optical  activity  of  the  NSOM  fiber  according  to  the 
method  presented  in  [3].  Namely,  we  have  produced  maps  of  the  local  dichroic  ratio  y  =  (I.  -Ij)/(I  +IjJ,  I 
and  I±  being  the  intensity  of  the  transmitted  field  with  polarization  parallel  and  orthogonal  to  a  reference  axis, 

respectively,  and  maps  of  the  angle  9  of  the  radiation  collected  by  the  PMT  with  respect  to  a  reference  axis, 
by  using  the  following  relations: 


where  the  subscript  fiber  refers  to  measurements  carried  out  on  a  non-dichroic  sample  (a  glass  slide).  We 
note,  that  the  method  we  have  applied  is  not  suitable  to  truly  distinguish  between  dichroism  and 
birefringence.  A  more  detailed  analysis  is  the  subject  of  further  work. 

An  example  of  our  results  is  shown  in  Fig.  1,  where  a  comparison  between  the  0maps  acquired  in  a  pristine 
film,  i.e.,  non  stretched  (a),  and  in  a  film  produced  with  a  drawing  ratio  of  30  (b)  is  presented  (in  both  cases, 
an  equal  concentration  of  the  two  chromophore  isomers  is  used),  lvalues  are  almost  randomly  spread  in  the 
non-stretched  sample  with  sub-wavelength-sized  features,  whereas  in  the  stretched  films  regions  are  clearly 
discerned  characterized  by  almost  constant  ^-values.  Such  regions,  which  exhibit  different  topographic 
features  (even  if  the  overall  roughness  is  typically  small,  in  the  tens  of  nm  range),  are  aligned  along  the 
drawing  direction.  Further  comparison  with  the  dc  and  the  fluorescence  maps  suggest  an  inhomogeneous 
local  dispersion  and  orientation  of  the  chromophore  molecules,  strongly  affected  by  the  drawing  parameters. 
Furthermore,  comparative  analysis  of  the  results  obtained  in  samples  with  different  isomer  concentrations 
reveals  that  the  macroscopic  behavior  of  the  films  (larger  optical  activity  for  samples  with  equal 
concentration)  can  be  interpreted  on  the  mesoscopic  scale  by  considering  the  specific  aggregation  processes 
of  the  chromophore  in  the  stretched  matrix. 


Fig.  1:  Maps  of  lvalues  obtained  during  a  5pm  x  5pm  scan  on  a  non-strecthed  film  (a)  and  in  a  film 
stretched  with  a  drawing  ratio  of  30  (b);  islands  with  randomly  spread  Q  values  are  observed  in  (a), 
whereas  a  mesoscopic-scale  ordering  along  the  drawing  direction  is  evident  in  (b). 
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EFFECT  OF  THE  ANCHORING  GROUP  ON  SELF-ASSEMBLED 
MONOLAYERS  PROPERTIES 

D.  Auguste1.  T.  Koulminskaia1,  F.  Laffineur1,  L.  Hevezi2,  J.  Delhalle1,  Z.  Mekhalif1 

FUNDP,  depart,  de  Chimie,  'LISE  and  2CMO,  61  rue  de  Bruxelles,  5000  Namur, 

Belgium 


Self-assembled  monolayers  (SAMs)  are  considered  as  thin  organic  films 
constituted  generally  of  long  alkyl  chain  molecules  which  posses  a  particular  functional 
end-group  that  has  specific  interaction  with  the  surface.  Depending  on  the  surface  state 
and  its  reactivity  of  the  metal,  thiol,  silanes,  phosphonic  and  carboxylic  acids  are  the 
most  studied  terminal  groups.  Such  molecules  have  been  self-assembled  on  gold, 
copper,  aluminium,  titanium,  glass,  ...  The  interest  of  using  such  nanostructures  is  the 
great  variety  of  properties  conferred  to  the  surface.  SAMs  are  in  fact  used  from  model 
of  biological  membranes  or  for  wettability  studies  to  lubrication  or  corrosion  inhibition 
applications. 

SAMs  of  alkylsenenolate  have  been  investigated  as  alternative  adsorbates  to 
alkylthiols  on  gold  surfaces  [1,2].  Well  organised  monolayers  have  been  obtained  and  a 
formation  mechanism  has  been  proposed  [3].  Comparison  between  monolayer 
formation  of  small  aromatic  disulfide  and  diselenide  molecules  has  been  done  on  gold 
[2,  4]  and  cleavage  of  S-S  and  Se-Se  bounds  allow  the  formation  of  stable  monolayers 
with  a  better  organisation  observed  in  the  case  of  disulfide.  Selenolates  exhibits  a 
greater  ability  to  adsorption  than  thiolates  but  are  less  stable  to  air  oxidation.  Selenium 
derivatives  show  nevertheless  interesting  properties  for  molecular  electronics  by 
providing  a  better  metal-molecule  electronic  coupling  than  sulfur  derivatives  [5]. 

Most  papers  concern  self-assembling  of  diaromatic  diselenide  on  gold.  From  our 
knowledge,  very  few  adsorption  of  organoselenol  on  gold  were  performed  [1,  3]  and 
none  on  other  substrates  (such  as  copper  or  silver).  In  this  work,  four  types  of  groups 
are  compared  :  thiol,  disulfide,  selenol  and  diselenide  with  a  partially  perfluorinated 
alkyl  chain  structure  (CF3-(CF2)3-(CH2)n-X).  The  monolayers  have  been  self-assembled 
on  gold  and  copper.  The  effect  of  the  metal  (nature  and  oxidation  state)  on  the 
anchoring  group  reactivity  and  the  monolayer  structure  was  especially  studied  .  The 
surface  composition,  the  structure  and  the  organisation  as  well  as  the  protecting 
properties  of  the  monolayers  have  been  determined  by  a  multi-technique  approach 
(XPS,  PM-IRRAS,  EIS,  CV,  . . .). 
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CHEMICAL  OPTIMIZATION  OF  CARBON  NANOTUBES 

TRANSISTORS 


S.  Auvrav.  E.  Valentin,  M.  Goffman,  S.  Palacin,  A.  Filoramo,  V.  Derycke  and  J.P  Bourgoin 
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C  E  A/DS  M/DREC  AM/SCM 
CEA  Saclay  91191  GIF/YVETTE  CEDEX 
France 

Individual  semiconducting  single-wall  carbon  nanotubes  (SWNTs)  can  be  used  as  the  channel 
in  field  effect  transistors  (FETs).  Recent  progresses  have  brought  these  transistors  to  a  level  of 
performance  comparable  with  state  of  the  art  silicon  MOSFETs  [1,2]  .  But  these  advanced 
devices  are  not  fully  optimized.  In  particular,  it  was  recently  recognized  that  most  carbon 
nanotube  transistors  work  as  Schottky  barrier  transistors.  Their  performances  are  limited  by 
the  Schottky  barriers  at  the  metal-nanotube  interfaces.  Reducing  the  barriers  by  forming 
ohmic  contacts  would  lead  to  improved  device  characteristics  in  both  the  on-  and  the  off- 
states.  In  parallel  to  the  device  optimization  issue,  the  capability  to  produce  large  numbers  of 
operational  devices  is  critical  for  the  potential  use  of  nanotube  transistors  in  a  future 
technology. 

To  address  these  two  issues,  we  have  developed  efficient  techniques  based  on  chemical 
modifications  of  the  surface,  the  nanotube  and  the  metal  electrodes.  In  a  first  step,  we  use  self- 
assembly  to  control  the  systematic  and  reproducible  placement  of  SWNTs  on  selective  areas 
of  Si02  surfaces  [3,4].  Reactive  templates  of  aminopropyltriethoxysilane  (APTES)  enable  the 
controlled  deposition  of  SWNTs  with  tunable  density  and  preferential  orientation.  This 
chemical  modification  of  the  surface  is  compatible  with  the  production  of  high  quality  FETs. 

In  a  second  step,  we  perform  a  chemical  optimisation  of  the  operational  p  or  n-type  transistors 
using  either  acid  or  amine  vapors. 

The  acid  vapors  have  a  twofold  effect:  (i)  reducing  the  Schottky  barriers  at  the  metal- 
nanotube  interfaces  favoring  holes  injection  and  (ii)  doping  the  nanotube  with  holes.  That 
leads  to  the  drastic  improvement  of  all  the  key  device  parameters.  The  maximum  hole  current 
in  the  on-state,  the  transconductance  and  the  sub-threshold  slope  can  be  improved  in  a 
continuous  fashion  by  adjusting  the  acid  vapor  dose.  These  effects  are  mainly  due  to  the 
highly  polar  nature  of  the  acid  molecule  used. 

In  the  case  of  the  amine  vapors,  we  also  observed  a  very  significant  improvement  of  the 
devices  performances,  this  time  for  what  the  p-type  behavior.  Noticeably,  the  threshold  of 
detection  of  the  effect  of  the  vapors  is  shown  to  be  in  the  ppb  range. 
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THIN  FILMS  MULTILAYER  FOR  GIANT  MAGNETORESISTIVE 
SENSOR  APPLICATIONS 


Marioara  Avram 

National  Institute  for  Research  and  Development  in  Micro  technologies  (IMT),  P.O.Box  38- 
160,  Bucharest,  Romania,  fax:  40.21.4908238,  tel.:  40.21.4908412/33, 
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The  GMR  properties  are  controlled  by  the  materials  composition,  geometry  selected,  and  the 
structure  of  interfaces  of  the  films.  A  series  of  experiments  involving  RF  diode  sputter 
deposition  of  GMR  multilayers  was  presented.  The  process  conditions  used  to  deposit  GMR 
multilayers  have  been  systematically  varied  and  the  dependence  of  magnetotransport 
properties  upon  the  process  environment  has  been  studied.  Another  systematic  series  of 
experiments  have  been  conducted  to  evaluate  the  dependence  of  magnetotransport  properties 
upon  composition  and  morphology  of  a  multilayer  structure  utilized  for  magnetic  sensing. 


Experimental 


Three-inch  diameter  p-type  silicon  wafers  were  used  for  the  substrates.  A  porous  silicon  film 
was  grown  on  top  of  each  wafer  using  an  electrolytic  method.  The  porous  silicon  (PS)  film 
acted  as  an  electrically  insulating  and  diffusion-inhibiting  layer  between  the  silicon  wafer  and 
the  subsequently  deposited  metal  film.  The  PS  layer  is  a  buffer,  to  give  a  good  surface  to 
grow  on.  The  GMR  active  region  will  be  only  about  100A  thick,  with  the  whole  structure 
being  about  300A,  on  top  of  a  0.5  mm  thick  Si  wafer.  The  test  devices  were  carried  out  on  PS 
of  two  porosities  (50%  and  70%)  and  two  types  of  contact  magnetic  metals:  Ni  and 
Permalloy.  FM  /  PS  interface  is  influenced  by  the  extraction  work  and  diffusion  of  the  metal 
in  PS.  FM  /  PS  /  Si-p  /A1  structure  is  like  a  Schottky  diode  with  an  I-V  redresser 
characteristics  and  different  values  for  the  resistor  Rs.  Electrical  characteristics  of  the  MIS  test 
structure  were  performed  through  I-V  measurements  (forward  and  reverse  at  room 
temperature)  using  a  Keithley  interfaced  with  a  computer.  In  the  case  of  forward  bias  the 
structure  is  composed  by  two  diodes,  one  of  them  forward  biased  and  other  one  reverse:  one 
diode  with  heterojunction  at  the  interface  PS  /  Si  -p,  where  the  PS  band  gap  is  Eg  =  1.65  eV 
and  the  Si  band  gap  is  Eg  =  1.1  eV  and  the  other  one  is  a  Schottky  diode  at  the  FM  /  PS 
interface. 

The  redresser  characteristics  of  the  PS/Si-p  interface  are  given  by  the  equation: 


7=/0exp 


qfy-iR.) 

nkT 


(1) 


where:  /  =  sa'T2  exp^- 
kT 

V  is  the  diode  potential,  n  is  the  ideallity  factor,  A*  the  Richardson  constant  that  depends  on 
the  crystallographic  orientation  and  the  type  of  the  semiconductor.  The  contact  resistivity,  Rs 
has  a  reduce  effect  compared  to  the  height  of  the  potential  barrier  Ft,,  at  the  FM/PS  contact 
and  the  carrier  concentration.  S  is  the  PS  surface  (—800  m2/cm3  for  P  =  50%  and  —300  m2/cm 
for  P  =  70%).  At  high  porosity  the  dissolution  of  the  thin  fibres  rises,  the  pores  enlarge  and 
the  surface  grow.  Current  density,  Jo,  ideallity  factor,  n,  and  the  height  of  the  potential 
barrier,  Fb,  are  determined  from  the  forward  I  -  V  characteristics  of  the  metal  /  PS  contact. 
The  n  values  are  connected  to  the  to  (V<  0.1V)  existing  in  the  SiC>2  layer  to  the  PS  surface. 
The  low  values  of  n  low  levels  of  injection  are  due  to  a  low  interface  density  of  states  and  a 
good  stability  of  the  PS  layer.  The  values  of  the  ideallity  factor,  n,  to  high  levels  of  injection 
are  due  to:  contact  resistance  of  the  ferromagnetic  metal  on  porous  silicon  and  the  tunnelling 
of  the  carrier  to  the  FE/PS  interface.  In  our  experiment,  all  the  structures  using  Fe  as  a 
ferromagnet  shows  a  great  dispersion  of  I  -V  characteristics,  while  in  the  case  of  Ni  or 
Permalloy  the  I-V  characteristics  are  grouped.  The  electrical  measurements  bring  in  front  a 
high  contact  resistance  because  the  FM/PS  interface  is  a  crowd  of  contact  dots  that  lead  to 
local  injections  of  carriers  and  to  the  focus  of  the  electric  field.  The  table  1  shows  the 
experimental  results  of  the  electrical  measurements  of  the  MIS  test  structure  in  the  absence  of 
the  magnetic  field. 
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Table  1.  The  results  of  electrical  measurements 


Contact  metal 

Porosity  (%) 

I.  (A) 

ipa  (eV) 

n 

Inflection  point 

Ni 

70 

IE 16 

1,43 

0,6 

0,1  V 

50 

SE14 

1,27 

0,74 

0,45  V 

Permalloy 

70 

IE 12 

1,19 

1,5 

0,25  V 

50 

1E“ 

1,2 

1,2 

0,2  V 

Fe 

70 

IE 14 

1,31 

0,9 

0,35  V 

50 

IE" 

1,1 

1,6 

0,45-0,5  V 

The  type  of  the  deposition  process  used  and  the  architecture  of  the  multilayer  selected  control 
the  GMR  properties  in  the  first  time  [5].  Background  pressure  is  one  of  the  most  important 
parameters  to  establish  in  a  sputtering  system.  In  a  series  of  experiments,  the  input  power  was 
held  constant  at  200  W  and  the  background  pressure  was  varied  from  10  mTorr  (1.33  Pa)  (the 
lowest  achievable  without  losing  the  discharge)  to  50  mTorr  (6.65  Pa).  For  a  second  series  of 
experiments,  the  background  pressure  was  held  constant  at  20  mTorr  and  the  input  power  was 
varied  from  50  to  350  W. 

Figure  1  shows  the  dependence  of  the  measured  GMR  ratio  upon  the  background  pressure. 
The  maximum  GMR  ratio  was  achieved  at  an  intermediate  background  pressure  (20mTorr). 
The  maximum  GMR  ratio  was  achieved  at  an  intermediate  input  power  (200W). 
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Fig,  2. The  dependence  of  magnetoresistance  ratio 
upon  the  input  power  for  multilayers  with  a  fixed 
CuAgAu  layer  thickness  of  20A. 


Fig.  1.  The  dependence  of  magnetoresistance  ratio 
upon  the  background  pressure  for  multilayers  with  a 
fixed  CuAgAu  layer  thickness  of  20 A. 


The  drop  in  GMR  as  the  pressure  is  increased  beyond  20mTorr  also  is  linked  to  a  reduction  in 
surface  mobility  as  metal  atom  energy  decreases.  Energetic  Ar+  ions  transfer  their  kinetic 
energy  to  the  metal  atoms  and  induce  local  heating.  Increasing  the  Ar+  ions  energy  will  reduce 
the  surface  roughness  and  increase  the  adatom  mobility  promoting  larger  column  widths  and 
smooth  surfaces,  but  high  energy  Ar+  ions  bombardment  can  also  cause  interfacial 
intermixing  of  the  magnetic  and  nemagnetic  atoms.  The  intermixing  fraction  decreased  with 
increasing  background  pressure  and/or  decreasing  input  power. 
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DIELECTRIC  RESPONSE  OF  NOVEL  NANO-COMPOSITE  METAL/SEMICONDUCTOR- 

POLYMER  FILMS 

E.  Axelrod1,  Yu.  Feldman1  and  L.I.  Trakhtenberg2 
'Department  of  Applied  Physics,  The  Hebrew  University  of  Jerusalem,  91904,  Israel. 

2L.Ya.  Karpov  Institute  of  Physical  Chemistry,  103064,  Moscow,  Russia. 

E-mail:  katva@vms.huii.ac.il 

The  design,  structure  and  dielectric  properties  of  a  new  generation  of 
metal/semiconductor-containing  polymer  systems  produced  by  cryochemical  solid-state 
synthesis  were  investigated.  The  synthesis  consists  of  low- temperature  co-condensation 
of  metal  (M)/semiconductor  (SC)  and  monomer  vapours  followed  by  low-temperature 
solid-state  polymerisation  of  the  co-condensate  [1].  Synthesized  materials  show  specific 
dielectric  responses,  which  are  discussed  in  relation  to  material  structure  and  electron 
transfer  between  nanoparticles. 

The  dielectric  measurements  for  investigation  of  polymer  pure  matrix  PPX,  polymer 
matrix  PPX  with  the  addition  of  Cu  (2  vol%)  and  Zn  (8  vol%)  and  a  set  of  PPX  films 
containing  different  concentrations  of  PbS-nanocrystals  [2]  were  taken  with  a  Broad- 
Band  Dielectric  Spectrometer  BDS  4284  (NOVOCONTROL)  in  the  frequency  range  20 
Hz  -r  1  MHz  and  in  the  -120  °C  +  100  °C  temperature  interval.  The  typical  3- 
dimensional  spectra  of  the  dielectric  losses  (e”)  for  the  studied  polymers  vs.  frequency 
and  temperature  are  displayed  in  Fig.  1. 

In  the  M-containing  samples,  in  the  temperature  interval  of -70  -  0  °C  and  in  the  low- 
frequency  range,  an  unexpected  dielectric  relaxation  process  for  polymers  is  detected. 
This  process  is  observed  clearly  in  the  sample  PPX+Cu.  In  sample  PPX+Zn  only  traces 
of  this  process  can  be  observed,  and  in  the  pure  PPX  matrix  the  process  completely 
vanishes.  This  is  a  typical  dielectric  response  for  percolation  behaviour  [3],  Analysis  of 
dielectric  relaxation  parameters  of  this  process  allowed  us  to  determine  fracta 
properties  of  the  percolation  cluster  [4],  For  the  sample,  PPX+Cu  the  calculated  fractal 
dimension  D/  is  equal  to  2.609. 

The  next  relaxation  process  is  typical  for  amorphous  polymers  and  can  be  assigned  to 
the  a-relaxation  that  appears  in  the  whole  frequency  range  and  in  the  temperature 
interval  from  50  °C  to  100  °C  (Fig.  la).  The  temperature  dependencies  of  the  relaxation 
times  of  the  observed  a-relaxation  process  for  pure  PPX,  PPX+Cu  and  PPX+Zn 
samples  (Fig.  2)  demonstrate  an  Arrhenius  behaviour  with  the  energies  of  activation 
196  kJ/mol,  187  kJ/mol  and  201  kJ/mol,  respectively,  and  correlate  with  the  activation 
energies  of  the  a-process  in  most  known  polymer  materials  [5]. 

In  the  SC-containing  samples,  in  the  low  temperature  region  -100  °C  +  -15  °C,  a 
relaxation  process  is  distinctly  observed  (Fig.  lb).  The  temperature  dependencies  of  the 
relaxation  times  of  this  low-temperature  process  demonstrate  the  Arrhenius  behaviour 
with  the  energies  of  activation  4  kJ/mol  and  3.3  kJ/mol,  respectively  (Fig.  3),  and  can  be 
correlated  with  two  groups  of  shallow  traps  in  semiconductor  nanocrystallites  inside  the 
porous  polymer  matrix. 
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Figures: 


Figure  1.  Three  dimension  plot  of  the  frequency  and  temperature  dependence  of  the  dielectric  losses  s” 
for  the  samples  (a)  PPX+Cu,  2vol%  and  (b)  PPX+PbS. 
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Figure  2.  Temperature  dependencies  of  the 
characteristic  relaxation  times  of  the  a-process 
for  samples  pure  PPX  (A),  PPX+Cu,  2vol% 
(O),  and  PPX+Zn,  8vol%  (*). 
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Figure  3.  Temperature  dependencies  of  the 
characteristic  relaxation  times  of  the  low- 
temperature  process  for  the  PPX+PbS  sample. 
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ZnS  :Mn  NANOPARTICLES  SYNTHESIS  AND  CHARACTERIZATION 

Yvonne  Axmann.  A  Ike  Petri,  H.  Hofmann 
Powder  Technology  Laboratory,  IMX,  EPFL,  Lausanne,  Switzerland 
E-mail:  vvonne.axmann@epfl.ch 
http://www.epfl.ch/ltp/ltp.en.htm 

The  optical  properties  of  nanocrystalline  semiconductors  have  been  studied 
extensively  in  recent  years  and  a  wide  range  of  synthetic  methods  have  been  developed  [1], 
Many  approaches  involve  non-aqueous  methods  and  the  classical  techniques  of  colloidal 
chemistry.  However,  biological  and  medical  applications  require  water-dispersible 
nanocrystals  that  can  be  covalently  coupled  to  biomolecules  for  use  in  e.g.  ultra  sensitive 
biological  detection. 

In  our  work  we  characterize  L-cysteine  coated  ZnS:Mn  nanoparticles  by  a  variety  of 
methods.  The  particles  are  prepared  in  a  colloidal  synthesis  using  L-cysteine  as  surfactant  and 
show  an  orange  fluorescence  at  585  nm  characteristic  for  the  4T|  -»  6Ai  transition  of  Mn2+ 
ions  in  a  crystalline  ZnS-matrix  [2].  The  absorption  spectrum  exhibits  a  shoulder  at  285  nm, 
which  is  blue-shifted  compared  with  the  absorption  of  bulk  ZnS  (342  nm)  [3]  indicating  a 
quantum  size  effect  (Fig.  1).  For  the  determination  of  the  particle  size  distribution  different 
techniques  were  applied,  for  example  TEM  picture  analysis,  photon  correlation  spectroscopy, 
or  analytical  ultra  centrifugation. 

The  doping  of  the  particles  with  Mn2+  was  investigated  by  means  of  atomic  absorption 
spectroscopy.  The  luminescence  intensity  shows  a  maximum  at  a  Mn2+  content  of  0.2  mol% 
related  to  Zinc  before  the  formation  of  the  particles  under  the  chosen  experimental  conditions. 
A  further  increase  of  the  Mn2+  content  leads  to  decrease  in  the  fluorescence  intensity. 

To  investigate  the  adsorption  of  the  surfactant  on  the  particle  surface  Fourier  transformed  IR 
spectroscopy  was  applied.  The  absence  of  the  S-H  stretching  mode  for  the  cysteine  adsorbed 
on  the  particle  surface  indicates  that  the  bonding  to  the  particle  surface  via  the  sulphur  atom. 

The  most  limiting  factor  for  the  luminescence  intensity  of  nanoparticles  is  the  radiationless 
recombination  of  the  electron  and  the  hole  at  the  particle  surface.  Unsaturated  valences  at  the 
surface  act  as  recombination  centres  and  so  their  saturation  leads  to  an  increase  in 
luminescence  intensity  [1].  To  saturate  these  “dangling  bonds”  the  particles  are  coated  with 
silica.  This  coating  has  many  advantages,  it  is  chemically  inert,  optically  transparent  [4],  the 
shell  has  a  sufficient  lattice  match  with  the  ZnS  and  its  refractive  index  is  smaller  than  the  one 
of  ZnS  so  that  the  excitation  light  is  diffracted  into  the  particle  core.  The  thus  coated  particles 
show  luminescence  intensity,  which  is  3.5  times  higher  than  the  intensity  obtained  without  the 
silica  coating  (Fig.  2). 
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Figures: 


250  350  450  550  650  750 

wavelength  (nm) 


Fig.  1 

Absorption  (left)  and 
luminescence  emission  (right) 
spectrum  ofZnS:Mn2+ 
nanoparticles  doped  with  0.25% 
Mn2+. 


Fig.  2 

Comparison  of  the  fluorescence 
intensities  of  coated  (dotted 
line)  and  uncoated  ZnS:Mn2+ 
nanoparticles 
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DISSOCIATION  OF  H_2  MOLECULES  AT  NANOCONTACTS 

A.AvuelaIA*.  M.J.  Puska1,  N.  Zabala2,  and  R.  M.  Nieminen1 

1  Helsinki  UNivresisty  of  Technology(HUT),  Espoo,  Finland. 

2  Universidad  del  Pais  Vasco(UPV),  Leijona,  Vizcaya,  Spain. 

*  Actual  address:  Donostia  International  Physics  Center  (DIPC),  Donostia,  Spain 

The  observation  of  electronic  conductance  through  H_2  molecules  between  two 
Pt  electrodes  has  been  reported  recently  in  mechanically-controlled  break 
junctions  measurements  [1].  We  have  simulated  this  system  by  relativistic 
electronic-structure  calculations  based  in  the  density-functional  theory  within  the 
generalized  gradient  aproximation  (GGA)  for  electron  exchange  and  correlation. 
According  to  our  results  H_2  molecules  dissociate  irrespective  of  the  shape  used 
for  the  electrodes.  The  same  is  true  also  for  Au  electrodes  although  there  are 
differences  between  the  dissociation  mechanisms  at  Pt  and  Au  nanocontacts.  Our 
results  call  for  improvements  for  the  GGA  or  alternative  interpretation  of  the 
experimental  result  [1-3]. 
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Ruitenbeek,  Nature  419,  906  (2002). 
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Surface  Nanopatteming  of  Metal  Thin  Films  by  Physical 
Vapor  Deposition  onto  Surface-Modified  Silicon  Nanodots 

O.  Azzaroni*,#,  M.  Fonticelli*,  P.L.  Schilardi*,  I.  Caretti#,  R.  Gago#+,  L.  Vazquezt# 

and  R.C.  Salvarezza* 
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+ Forschungzsentrum  Rossendorf  eV -  Germany 


One  of  the  most  active  research  topics  within  the  nanoscience  and  nanotechnology 
fields  are  those  related  to  large-scale  fabrication,  in  an  accurate  manner,  of  nanostructured 
metal  thin  films  [1],  This  interest  is  due  to  their  potential  applications  for  different 
technological  purposes  such  as  electrocatalysis  [2]  and  optical  devices  [3].  In  order  to 
obtain  these  nanostructured  films  different  techniques,  such  as  ion  sandblasting  [4]  or 
nanotransfer  printing  [5],  have  been  developed.  In  this  work  we  present  results  on  the  large- 
scale  preparation  of  nanostructured  metal  thin  films  from  surface-modified  silicon  nanodots 
templates  [6].  The  nanopatteming  process  is  based  on  the  deposition  of  a  copper  thin  film 
(approximately  300nm  thick)  by  physical  vapor  deposition  on  nanostructured  silicon 
substrates  [7]  (Figl.a,b),  which  were  previously  surface-modified  with  an 
octadecyltrichlorosilane  (OTS)  self-assembled  monolayer  in  order  to  promote  an  easy  metal 
film  detachment  after  deposition.  Once  the  300  nm  thick  film  has  been  deposited,  a  thick 
(10  pm  approximately)  film  of  copper  is  electrodeposited  onto  it  to  improve  the  mechanical 
properties  of  the  physically-deposited  nanostructured  thin  film.  Thanks  to  the  very  low 
adhesion  of  OTS  layer  to  the  metal  film  the  latter  is  easily  mechanically  detached  from  the 
template.  Thus,  the  inner  face  (i.e.  that  one  which  was  in  contact  with  the  nanostructured 
silicon  surface)  can  be  imaged  by  AFM  (Figl.c.d).  These  images  reveal  a  nanostructure 
corresponding  to  that  one  of  the  negative  replica  of  the  original  nanopattemed  silicon 
template.  This  metal  nanopatteming  strategy  shows  potential  applications  for  accurate 
large-scale  fabrication  of  nanostructured  metal  thin  films. 
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Figure  1.1x1  pm2  top  view  AFM  images  of  the  silicon  nanostructured  template 
[(a),  (b)]  and  the  physically-deposited  nanostructured  copper  thin  film  [(c), (d)].  The 
horizontal  bar  in  Panel  [(a),(c)]  corresponds  to  200  nm.  Insets  show  the  two- 
dimensional  autocorrelation  function  showing  the  short-range  hexagonal  order. 
Panels  [(b),(d)]  correspond  to  200  x  200  nm2  three-dimensional  AFM  images,  the 
vertical  bar  corresponds  to  20  nm. 
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NANOMAGNETIC  FLUIDS  UTILIZATION  IN  CHRYSANTEMUM 
SP.  AND  SOLANUM  TUBEROSUM  L.  EXPLANTS 
CAULOGENESIS 

Anca  Mihaela  Baciu 

University  of  agricultural  Sciences  of  Banat  County,  Timisoara,  Romania 

In  the  scientific  activity  of  the  Department  of  Genetics  the  nanomaterials  have  been 
used  since  from  1985.  From  the  historical  point  of  view  the  nanomaterials  were  use  in 
technology,  medicine  and  in  the  plant  kingdom.  The  most  spectacular  results  were  obtained  in 
medicine  in  the  carcigenesis  treatment.  The  nanomaterials  were  used  in  biotechnology, 
especially  for  improving  the  regenerative  processes. 

In  biotechnology  the  nanomaterials  were  used  especially  in  eukaryote  and  prokaryote 
organism. 

In  our  experiments  we  wanted  to  understand  the  magnetic  nanoparticles  (NMPs) 
effect  upon  some  species  with  vegetative  reproduction  ( Chrysantemum  sp.  and  Solanum 
tuberosum  L.). 

The  biological  material  consisted  in  Chrysantemum  sp.  an  ornamental  plant  and 
sometimes  used  in  homeopathy  and  Solanum  tuberosum  L.  (potatoes)  an  economic  plant. 

About  Nanomagnetic  Fluids 

For  the  biological  purposes  the  Magnetic  Fluids  have  to  be  biocompatible  and 
bioactive.  At  the  “University  Politehnica”  the  “Complex  Fluids”  Institute,  were  prepare 
different  kind  of  magnetic  nanoparticles  (Fe3Co)  using  biological  surfactants  (lauric  acid, 
oleic  acid,  etc.)  and  suspendants  (H20-distill,  DDW,  a  plants  sap)  have  been  prepared. 

In  our  experiments  we  use  distill  water  as  suspendant  (positive  control).  The 
experimental  variants  had  different  concentrations  of  magnetic  nanoparticles  varying  from  0 
=  0,037x10°  g/cm3  to  0  =  0,37x10°  g/cm3  and  0  =  3,7x10°  g/cm3.  They  were  compared  with 
the  positive  control  and  negative  control  (lauric  acid).  The  growth  quantifications,  as  hight, 
LAI  (Leaf  Area  Index)  were  evaluated  every  seven  days  until  the  28th  day.  The  obtained  data 
were  statistical  processes. 

We  found  out  that  the  plants  i.e.  chrysantemum  and  potato  can  be  maintained  for  a 
longer  period  of  time  in  in  vitro.  For  that  purpose  we  tested  0  =  37x10°  g/cnT  concentration. 

The  results  obtained  pointed  out  also  differences  in  caulogenesis  in  Chrysantemum 
and  Solanum  tuberosum. 

In  comparison  to  controls  the  nanomagnetic  particles  repressed  the  plant  growth  along 
all  period:  from  the  beginning  until  the  28th  day.  The  repression  effect  was  more  obvious  on 
potato  explants  than  in  Chrysantemum. 

In  comparison  to  lauric  acid,  representing  the  negative  control,  the  differences  when 
using  magnetic  nanoparticles  were  positive  both  in  Chrysantemum  and  the  majority  of 
potatoes. 

The  lauric  acid  has  represive  effect  upon  the  neoplantlets.  The  strongest  effect  was  in 
potato  where  the  differences  after  28  days  were  d=-l,74±l,3 1  cm. 

It  is  visible  the  positive  influence  of  nanomagnetic  particles  in  the  first  life  cycle  is 
visible.  In  Chrysantemum  a  high  nanomagnetic  particles  concentration  repressed  the  plant 
growth. 

The  potato  revealed  a  higher  sensitivity  to  nanomagnetic  particle  presence. 

In  conclusion  it  can  be  stressed  the  favourable  effect  of  nanomagnetic  particle  upon 
Chrysantemum  caulogenesis  can  be  observed. 

The  potato  Runica  variety  was  sensitive  to  nanomagnetic  presence  in  the  growth  media 

The  nanomagnetic  particles  can  be  used  to  improve  the  in  vitro  culture  technology. 
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Table  1  The  plantlets  growth  rhythm  of  Chrsanthemum  sp.  and  Solanum  tuberosum  L. 
-  Runica  variety,  cultivated  in  vitro  on  a  media  added  with  magnetic  nanoparticles 
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Fully  Electrically  Controlled,  Room-Temperature  Memory  Devices  Based  on 
Self-Assembled  InAs  Quantum  Dots 

C.  Balocco,  M.  Missous,  and  A.  M.  Song 
Department  of  Electrical  Engineering  and  Electronics,  UMIST,  Manchester  M60  1QD,  UK 


Self-assembled  semiconductor  quantum  dots  (QDs),  created  by  epitaxial  growth  using  Stranski- 
Krastanow  mode,  have  been  intensively  studied  because  of  their  importance  in  device  applications  and 
considerable  interests  in  fundamental  physics.  While  so  far  most  investigations  focused  on  optoelec¬ 
tronic  devices  such  as  lasers,  LED,  and  photodetectors,  the  possibilities  to  design  quantum-dot-based 
memory  devices  have  recently  attracted  more  and  more  attention.  Because  of  the  single-electron  charg¬ 
ing/discharging  effect  in  self-assembled  QDs,  the  electric  current  and  therefore  power  consumption  re¬ 
quired  for  memory  operations  in  a  QD-based  memory  device  could  be  substantially  lower  than  in  a 
conventional  memory  cell.  Furthermore,  the  strong  quantum  carrier  confinement  in  QDs  may  lead  to 
much  longer  charge-retention  or  memory  holding  time.  The  most  common  and  perhaps  the  simplest 
design  is  to  embed  quantum  dots  in  close  vicinity  to  the  two-dimensional  electron  gas  (2DEG)  in  a  high- 
electron-mobility  transistor  (HEMT)  structure,  and  the  quantum  dots  are  charged  and  discharged  by  gate 
bias.  Despite  much  effort,  so  far  most  such  devices  were  demonstrated  only  at  low  temperatures[l-4]. 
Although  Koike  et  al  recently  presented  memory  operations  at  room  temperature,  the  devices  required 
a  light  excitation  to  discharge  the  QDs[5].  From  the  application  point  of  view,  however,  both  room- 
temperature  and  fully  electrically  controlled  memory  operations  are  essential.  Furthermore,  compared 
with  many  measurements  on  hysteresis  in  electron  density  [1,  2],  source-drain  current  [3,  6],  and  ca¬ 
pacitance  [6],  hardly  any  time-domain  measurement  has  been  carried  out  to  characterise  the  memory 
holding  time,  despite  it  being  one  of  the  most  important  parameters  of  memory  devices.  In  this  work,  we 
fabricated  memory  devices  using  two  pseudomorphic  different  InGaAs/GaAs/AlGaAs  HEMT  structures, 
each  with  five  layers  of  stacked  InAs  quantum  dots.  An  atomic  force  microscope  (AFM)  was  used  to 
examine  the  dot  density  and  room  temperature  photoluminescence  (PL)  measurements  were  carried  out 
to  study  the  carrier  confinement  energies  in  the  dots,  before  the  fabrications  of  the  memory  devices. 
Our  experiments  not  only  demonstrated  both  room-temperature  and  fully  electrically  controlled  memory 
devices,  which  arc,  to  the  best  of  our  knowledge,  the  first  of  this  type,  but  also  showed  a  remarkable 
memory  holding  time  of  tens  of  minutes  in  real-time  characterisation  measurements. 

Figure  1  shows  the  schematics  of  the  two  wafers  grown  on  rotating  substrates  in  a  Thermo  VG 
V90  molecular  beam  epitaxy  growth  chamber.  Note  that  wafer  #1681  is  an  inverted,  modulation-doped 
quantum  well  structure  so  that  the  stacked  QD  layers  are  much  closer  to  the  2DEG  than  in  wafer  #1680. 
From  AFM  measurements  on  an  uncapped  control  wafer,  a  dot  density  of  about  6  x  109  cm-2  was 
obtained.  Figure  2  showed  well-defined  QD  PL  peaks  at  about  1050  nm  at  room  temperature.  In  wafer 
#1681,  largely  because  of  the  inverted  structure,  PL  signals  from  the  InGaAs  quantum  well  were  also 
clearly  observed.  The  fabrication  is  essentially  the  same  as  that  of  a  conventional  HEMT,  using  a  standard 
photolithography  combined  with  a  wet  etching.  A  large  number  of  devices  were  fabricated  from  both 
wafers,  with  the  gate  length  ranging  from  2  gm  to  5  pm  and  the  gate  width  from  10  pm  to  100  pm.  The 
characteristic  of  a  device  fabricated  from  wafer  #1681  is  shown  in  Fig.  3,  which  is  close  to  that  of  the 
devices  from  wafer  #1680.  However,  in  the  memory  operation  measurements,  devices  from  wafer  #1681 
showed  a  much  stronger  memory  effect  than  the  devices  from  wafer  #  1680,  mainly  because  of  the  difference 
in  the  distance  between  QDs  and  2DEG.  Figure  4  presents  a  pronounced  hysteresis  in  the  source-drain 
current,  Isd ,  versus  the  gate  bias,  Vq,  curve,  measured  at  a  fixed  source-drain  voltage  Vsd  —  100  mV 
and  at  room  temperature.  This  is,  to  the  best  of  our  knowledge,  the  first  QD-based  HEMT-type  memory 
device  that  not  only  is  fully  electrically  controlled  but  also  operates  at  room  temperature.  Furthermore, 
our  real-time  characterisation  experiments  have  reliably  revealed  a  remarkable  typical  memory  holding 
time  of  tens  of  minutes,  which  is  promising  for  real  applications. 
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FIG.  1:  Schematics  of  the  structures  of  wafers  #  1680  and  #1681. 
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FIG.  2:  Photolumincsccncc  spectra  from  as  grown  wafers  #1680  and  #  1681.  The  QD  PL  peak  is  around  1020  nm 
in  wafer  #1680  and  1080  nm  in  wafer  #1681. 
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FIG.  3:  Typical  transistor  characteristics  of  a  device  fabricated  from  wafer  #  1681  with  a  5  /im  x  10  jj.m  gate. 
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FIG.  4:  Memory  effect  shown  by  the  clear  hysteresis  in  the  Isd  vs  Vg  curve,  which  was  obtained  at  a  fixed 
Vsd  —  100  mV  and  measured  at  room  temperature. 
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Design  and  characterization  of  RF  ballistic  nanodevices 

L.  Bednarz.  Rashmi,  L.  Gence,  B.  Hackens,  H.  Boutry,  V.  Bayot  and  I.  Huynen 

CERMIN,  EMIC,  PCPM  and  DICE  Labs,  Universite  catholique  de  Louvain  (UCL) 

1348  Louvain-la-Neuve,  Belgium 


Introduction 

With  conventional  semiconductor  devices  approaching  their  limits  of  miniaturization,  further 
advancement  of  IC  technology  is  possible  only  through  developments  in  nanotechnology.  The  industry 
is  facing  the  challenge  of  exploring  novel  nanodevices  that  can  be  reproducibly  fabricated  for  mass 
production  and  are  capable  of  operating  at  room  temperature,  with  speeds  high  enough  to  enable 
digital/analog  data  processing  and  transmission  at  ultra-high  bit  rates  (up  to  sub-millimeter  wave 
frequencies).  The  growing  interest  for  systems  operating  at  80  GHz  and  160  GHz  for  direct 
modulation/demodulation  of  optical  telecommunication  carrier  essentially  requires  electronic  devices 
operating  up  to  THz  frequencies.  In  the  present  work,  we  exploit  the  ballistic  effects  in  nano-scaled 
InAlAs/InGaAs/InP  based  devices  for  RF  applications  up  to  the  THz  range.  Owing  to  the  large  values 
of  electron  scattering  length  (le)  (higher  than  100  nm  at  room  temperature)  in  InGaAs-based  material 
system,  it  is  possible  to  fabricate  and  operate  ballistic  devices  of  dimensions  comparable  to  le  at  room 
temperature  [1],  with  sufficient  repeatability  and  robustness.  Those  devices  are  fully  compatible  with 
the  existing  HEMT  technology  that  has  already  demonstrated  cut-off  frequencies  as  high  as  562  GHz 
for  25nm  gate  pseudomorphic  Ino.52Alo.48As/Ino.7Gao.3As  HEMT  [2]. 

RF  characterization  of  ballistic  channels 

We  first  aim  to  investigate  the  ballistic  and  non-linear  effects  in  InGaAs-based  nanodevices  as  a 
function  of  frequency,  device  size,  and  temperature  to  provide  a  physical  insight  into  the  ballistic 
behavior  of  nanodevices  in  THz  frequency  range.  Simple  ballistic  channels  have  been  designed  and  RF 
measurements  carried  out  at  room  and  at  low  temperatures.  The  preferred  geometry  for  on-wafer 
characterization  at  RF  frequencies  is  the  coplanar  waveguide  (CPW)  transmission  line,  because  signal 
and  ground  pads  are  located  in  the  same  plane,  facilitating  the  contacts  (Fig.  1).  The  2-DEG  resistance 
presented  by  ballistic  channels  was  measured  as  a  function  of  temperature  and  frequency  (Fig.  2).  The 
observed  dependence  is  close  to  that  presented  for  2-DEG,  over  the  restricted  frequency  range  0-2.5 
GHz,  in  the  literature  [3],  Due  to  the  lack  of  published  experimental  results  at  higher  frequencies, 
modeling  is  still  in  progress  to  validate  over  a  wider  frequency  range  the  S-parameters  of  these  simple 
channels. 

Design  of  RF  ballistic  nanodevices 

Results  on  ballistic  channels  show  that  matching  of  access  impedances  to  the  high  impedance 
presented  by  the  ballistic  channel  for  efficient  injection  of  microwave  and  millimeter  wave  signals 
requires  optimization  of  the  topology  of  2-DEG  channel  and  RF  accesses.  To  avoid  a  strong  forward 
reflection  of  RF  signal  at  the  input  of  ballistic  devices  and  to  increase  the  total  conductance,  arrays  and 
matrices  of  devices  of  various  geometries  were  also  fabricated  and  characterized.  From  the  observed 
agreement  between  circuit-oriented  modeling  and  measurement  (Fig.  3),  it  is  concluded  that  crucial 
parameters  for  the  injection  of  RF  signals  are  the  geometry  of  the  channel,  the  distance  between  the 
CPW  metallic  pads,  and  the  nature  of  the  contacts  between  the  gas  channel  and  the  metallic  pads. 

Based  on  these  previous  RF  characterizations,  a  Y-branch  junction  has  been  designed  for  RF 
operation.  Nonlinear  ballistic  behavior  of  three-terminal  ballistic  junctions  (TBJs)  has  been  reported 
extensively  in  literature  [4],  When  finite  dc  voltages  (V)  and  Vr)  are  applied  to  the  left  and  right-hand 
side  branches  of  a  symmetric  TBJ  in  a  push-pull  manner  (V)  =  -Vr),  the  voltage  measured  at  the  central 
branch  (Vb)  is  always  negative,  thus  the  TBJ  acts  as  a  dc  rectifier.  This  ballistic  effect  is  further 
enhanced  in  YBJs,  depending  on  the  angle  between  the  two  symmetric  branches  and  is  expected  to  offer 
excellent  performance  at  extremely  high  frequencies  [5-6],  In  order  to  operate  the  Y-junction  in  push- 
pull  manner  in  RF,  a  180°  phase-shift  has  to  be  introduced  in  one  of  the  input  branches.  Here  it  is 
created  around  10  GHz  by  means  of  a  wideband  hybrid  coupler  (Fig.  4).  Such  a  feeder  will  enable  to 
demonstrate  for  the  first  time  the  operation  of  the  Y-junction  as  a  frequency-doubler  or  power  detector 
in  the  microwave  range,  in  view  of  extrapolating  its  design  for  operation  in  the  THz  range.  The  intrinsic 
cut-off  frequency,  sensitivity  and  linearity  of  the  YBJ  frequency-doubler  can  indeed  be  improved  by 
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reducing  the  size  and  optimizing  the  device  geometry.  Experimental  results  on  this  ballistic  frequency 
doubler  are  expected  soon. 
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Figures 


Fig.  1:  (a)  Lithographic  mask  and  (b)  realization  of  a 
simple  ballistic  channel,  embedded  in  CPW  accesses. 

In  Fig.  1(a),  dark  area  is  metal  and  white  area  is  2DEG 
channel  of  length  60  pm  and  width  26  pm. 
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Fig,  3:  (a)  Measurements  and  simulation  of  impedance  of 
Gas_50  at  77  °K,  (b)  Distributed  transmission  line  circuit 
used  for  modeling. 


Fig.  2:  Impedance  of  Gas_50  channel  extracted  from 
measurements  at  different  temperatures  (sharp  peaks 
are  due  to  measurement  artifacts). 


(a)  (b) 

Fig.  4:  (a)  RF  design  for  Y-Branch  junction  device 
used  as  frequency  doubler,  (b)  Magnified  view  of  Y- 
branch  junction. 


26  TNT2003 


September  15-19,  2003 


Salamanca-Spain 


CHARGE  TRANSPORT  IN  SELF-ASSEMBLED  COPT3 
NANOCRYSTAL  ARRAYS 

P.  Beecher3.  A.  Quinn3,  E.  Shevchenko15,  H.  Wellerb,  G.  Redmond3 


Poster 


3  Nanotechnology  Group,  NMRC,  Ireland. 
b  Institute  of  Physical  Chemistry,  University  of  Hamburg,  Germany. 

Monodisperse,  chemically-synthesised  nanocrystals  are  promising  candidates  as 
building  blocks  for  future  2D  and  3D  quantum  dot  architectures  due  to  their 
monodispersity  and  self-assembly  capabilities.  Although  such  nanocrystals  are  often 
referred  to  as  “artificial  atoms”,  there  are  distinct  differences  between  nanocrystal 
arrays  and  crystalline  solids,  i.e.  atomic  arrays.  Developing  an  understanding  of 
charge  transport  in  real  nanocrystal  arrays  in  order  to  ultimately  control  the  electronic 
properties  is  a  key  milestone  en  route  to  future  nanocomponent-based  architectures. 

We  report  on  the  fabrication  of  arrays  of  3.8  nm  CoPt3  nanocrystals  between  70nm 
gap  electrodes  by  self-assembly.  Using  variable  temperature  dc  electrical 
characterisation  as  a  probe  of  charge  transport  in  the  array,  we  demonstrate  that  the 
inter-nanocrystal  separation,  and  hence  the  electronic  properties,  can  be  tuned  in-si tu 
using  mild  thermal  annealing. 

For  devices  annealed  at  80  °C,  we  observe  Coulomb  Blockade  at  temperatures  below 
35K.  Scaling  behaviour  of  the  current  above  the  blockade  threshold  indicates  that  the 
current  flows  through  a  2D/3D  network  i.e.  there  are  no  significant  bottlenecks  in  the 
array.  Above  35K,  the  conduction  is  thermally  activated,  as  expected  for  an  insulating 
array  of  monodisperse  metallic  islands. 

Slightly  higher  anneal  temperatures  (-100  °C)  yield  quasi-metallic  transport 
behaviour  with  a  transition  from  a  negative  temperature  coefficient  of  resistance 
(TCR)  at  low  temperatures  to  a  postive  TCR  above  80K.  Devices  annealed  at  150  °C 
show  fully  metallic  transport  characteristics  similar  to  those  of  ceram ic-metallics. 
Since  the  nanocrystals  are  air-stable  to  200  °C,  it  appears  that  the  nanocrystals  do  not 
fuse  during  annealing,  but  rather  that  the  anneal-induced  inter-nanocrystal  coupling  is 
sufficiently  strong  to  delocalise  the  electron  wavefunctions  over  the  array,  resulting  in 
tuneable  electrical  transport  behaviour.  We  believe  these  results  constitute  an  initial 
demonstration  of  in-situ  thermally  induced  insulator-metal  transitions  in  self- 
assembled  metal  nanocrystal  arrays. 
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PURE  MAGNETO-OPTIC  DIFFRACTION  AND  DOMAIN 
OBSERVATIONS  IN  PERIODIC  DOMAIN  STRUCTURES  INDUCED  IN 

MAGNETIC  THIN  FILMS 

A.  Bengoechea.  J.  L.  Costa-Kramer,  P.  Garcla-Mochales, 

R.  Alvarez-Sanchez,  and  F.  Briones 

Instituto  de  Microelectronica  de  Madrid,  IMM  (CNM-CSIC) 

Isaac  Newton  8,  PTM,  28760  Tres  Cantos,  Spain 

Magnetic  couplings  in  magnetic  heterostructures  produce  a  wide  variety  of  phenomena  that 
have  shown  in  recent  years  their  potential  for  applications.  In  addition,  conventional  magneto¬ 
optic  techniques,  and  more  recently,  Diffraction  Magneto-Optic  Kerr  Effect  (DMOKE)  in 
regular  arrays  of  magnetic  elements,  are  very  powerful  methods  that  posses  the  high 
sensitivity  required  to  monitor  magnetization  changes  in  thin  films  and  very  small  elements. 
A  recent  work  [1]  has  reported  the  appearance  of  diffraction  spots  when  illuminating  a  flat  Co 
ferromagnetic  surface  that  is  magnetically  coupled  to  an  array  of  magnetic  elements.  These 
diffraction  spots  appeared  at  angles  corresponding  to  the  periodicity  of  the  array  only  at 
selected  field  values,  i.e.,  they  could  be  switched  on  and  off  with  an  applied  magnetic  field. 
This  work  has  been  extended,  studying  by  Kerr  domain  observations  the  domain  structures 
both  at  the  patterned  and  flat  sides  of  the  structures,  confirming  the  appearance  of  periodic 
domain  structures  at  the  flat  ferromagnetic  surface.  Likewise,  we  have  studied  the  couplings 
between  the  array  of  magnetic  elements  and  the  continuous  ferromagnetic  film,  for  different 
thicknesses  and  orientations  of  the  array  elements  with  respect  to  the  anisotropy  axis  of  the 
continuous  film. 

Our  goal  is  understanding  the  operative  magnetization  and  coupling  processes  in  these  new 
structures.  MOKE  and  domain  observations  together  with  micro-magnetic  simulations  help  to 
resolve  these  processes,  being  domain  observations  the  conventional  MOKE  hysteresis  loops 
but  resolved  spatially. 

Co  stripes  -a  1 D  pattern-  and  arrays  of  squares  -a  2D  pattern-  are  fabricated  by  sputtering  and 
lift-off  technique  on  top  of  a  previously  sputtered  continuous  Co  layer.  MOKE  hysteresis 
loops  for  Co  stripes  on  continuous  Co  are  measured  when  light  is  shined  both  from  the  flat 
side,  Fig. la),  and  from  the  patterned  side,  Fig. lb).  The  different  behaviour  displayed  in  Fig.  1 
demonstrates  that  the  Co  stripes  are  exchange  decoupled  from  the  continuous  Co  layer.  The 
negative  differential  susceptibility  observed  in  Fig. la)  is  due  to  an  antiferromagnetic  type  of 
coupling  between  the  stripes  and  the  continuous  Co. 


Fig.  1.  Transverse  MOKE  hysteresis  loops  measured  from  a)  the  flat  side  and  b)  the  patterned  side  of  a 
structure  of  Co  stripes  of  6  pm  width  (and  9  pm  periodicity)  deposited  on  top  of  a  continuous  Co  layer. 
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The  hysteresis  loops  from  patterned  and  flat  sides  are  correlated  with  the  domain  observations 
at  selected  field  values  for  this  I D  pattern  for  arrays  of  micro-stripes  with  different  widths  and 
periodicities. 

Domain  images  acquired  during  the  magnetization  process  at  the  flat  side  of  the  Co  stripes/Co 
heterostructures.  The  domain  structure  replicates  the  shape  of  the  periodic  array  of  elements 
deposited  at  the  opposite  side  at  selected  field  values  (fig.  2).  The  pure  magneto  optic  contrast 
explains  the  appearance  of  a  diffraction  spot  at  selected  field  values  when  illuminating  this 
flat  side.  This  replica  is  due  to  the  magnetostatic  coupling  between  the  patterned  and  the 
continuous  layers.  This  is  possible  due  to  the  thickness  of  the  layers,  of  the  order  the  domain 
wall  width,  and  a  thin  nanometric  barrier  that  exchange  decouples  the  pattern  and  the 
continuous  layers. 


Fig.  2  Pure  magneto-optic^dfffVaction:  Spots  appeaXat  angles  cortesgpnding  to  the  periodicity  of  the  array- 
only  at  selected  field  values.  This  replica  is  due  to  th^magnetostatic  coupling  between  the  patterned  and  the 
continuous  sides. 


Both  for  ID  (fig. 3a)  and  2D  (fig.3b)  patterns,  and  for  patterns  that  are  exchange  coupled  and 
decoupled  from  the  continuous  Co  layer,  the  domain  structure  observations  (fig. 3  a&b)  and 
the  hysteresis  loops  measured  at  flat  and  patterned  sides  will  be  presented.  These  will  be 
compared  with  micro-magnetic  simulations,  studying  both  reflected  and  diffracted  beams,  for 
different  widths  and  periodicities  between  elements. 


Fig.  3  Domain  structure  at  the  flat  side  of  two  structures  with  different  patterns  at  selected  field  values:  a)  A 
continuous  Co  layer  with  a  ID  pattern  of  Co  stripes  deposited  at  the  opposite  side  and.  b)  A  continuous  Fe 
layer  with  a  2D  square  pattern  deposited  at  the  opposite  side.  The  images  size  is  around  600x450  pm. 
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ELECTRONIC  CHARACTERIZATION  OF  ASYMMETRIC 
MULTIPLE  QUANTUM  WELLS 

R.  Betancourt-Riera.  R.  Riera,  I.E.  Marin  and  J.L.  Marin 

A  complete  characterization  of  double  and  triple  asymmetric  quantum  wells  are  studied 
theoretically.  Taking  into  account  the  asymmetry  due  to  different  widths  of  the  wells 
with  same  potential  barriers  and  then  with  wells  of  the  same  widths  and  different 
potential  barriers.  The  structures  consisting  of  three  levels  in  two  or  three  coupled 
quantum  wells  are  optimized  for  a  maximum  Raman  gain  at  zero  bias. 
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BAND  ALIGNMENTS  AND  QUANTUM  CONFINEMENT  IN 
GAASN/INAS  STRAIN-BALANCED  NANOSTRUCTURES 

L.  Bhusal.  A.  Alemu,  A.  Freundlich 

Texas  Center  for  Superconductivity  and  Advanced  materials,  University  of  Houston, 
4800  Calhoun,  Houston-77204,  Texas,  USA. 

Email:  lbhusal@uh.edu 


The  unusual  large  band  gap  lowering  observed  in  GalnAs  with  low  Nitrogen(N) 
fraction  has  sparked  a  recent  interest  in  development  of  dilute  nitrogen  containing  III- 
V  semiconductors  for  long-wavelength  optoelectronic  devices  (IR  lasers,  detector  and 
solar  cells).  Most  of  the  work  has  been  concentrated  on  the  development  of  InGaAsN 
alloys  lattice-matched  to  the  GaAs  substrate.  The  practical  limitation  in  N 
incorporation  in  these  epilayers  has  so  far  prevented  the  realization  of  materials  with 
operating  wavelengths  beyond  1.6  pm  (0.8  eV).  From  a  theoretical  stand  point,  longer 
wavelength  materials  could  be  achieved  by  subjecting  the  GaAsN  alloys  to  a  large 
biaxial  compressive  strain  e.g  by  fabricating  pseudomorphically  strained  layers  on 
commonly  available  InP  substrates.  While  such  an  approach  in  principle  could  allow 
attaining  longer  wavelength  materials,  the  large  lattice  mismatch  between  GaAsN  and 
InP(4-5%  for  N<5%)  imposes  a  severe  restriction  on  the  total  amount  of  material  that 
can  be  deposited  (few  atomic  monolayers)  prior  to  lattice  relaxation. 

We  propose  to  circumvent  this  limitation  by  introducing  alternating  layers  of  opposite 
strain  in  conjunction  with  GaAsN.  We  have  chosen  InAs  for  this  purpose,  since 
tensilely  strained  on  InP  InAshas  still  a  relatively  low  band  gap  and  the  lattice 
mismatch  between  InP  and  InAs  (3.1%  at  300K)  has  nearly  the  same  order  of 
magnitude,  but  with  opposite  sign,  as  the  one  between  GaAsi.xNx  and  InP  (4-5%  for 
x<0.05).  Therefore,  by  adjusting  dot  size/epilayer  thickness  accordingly  with  respect 
to  the  stress  magnitude,  the  composite  structure  of  alternate  growth  of  GaAsN  and 
InAs  layers  will  lead  to  a  lower  total  strain  energy  in  the  system  through  a  strain 
balance.  Consequently,  even  infinite  pseudomorphically  strained  superlattice 
thickness  can  be  realized  from  a  sequence  of  GaAsN  and  InAs  quantum  wells  if  the 
thickness  of  GaAsN  and  InAs  in  each  period  is  below  the  critical  thickness  of  their 
respective  single  layers.  The  strain  ratio  is  inversely  proportional  to  the  individual 
layer  thickness. 

In  this  work  we  have  undertaken  a  theoretical  investigation  of  the  band  structure  of 
this  new  type  of  heterostrutures.  The  numerical  modeling  for  the  proposed  structure 
has  been  done  under  the  envelop  function  approximation,  using  a  transfer  matrix 
method.  The  conduction  band  is  treated  separately  from  the  valance  band  by  assuming 
that  there  is  no  interaction  between  them.  Strain  effects  on  the  band  gap  of  both 
materials  and  N-induced  reduction  of  the  conduction  band  of  GaAsN  were  included 
in  the  calculations.  Based  on  the  theory  of  Luttinger-Kohn  and  Bir-Pikus,  including 
the  spin-orbit  coupling,  the  valance  band  of  a  strained  material  with  zinc-blende 
summetry  is  described  by  a  6x6  Hamiltonian.  The  study  was  limited  to  low  practically 
achievable  Nitrogen  (N<4%)containing  materials. 

It  is  shown  that  by  increasing  the  composition  of  N  in  GaAsN  layers  the  fundamental 
bandgap  of  the  quantum  dot/well  superlattice  alloys  strained  on  InP  substrate  could  be 
reduced  to  well  below  0.5  eV  (N>2%).  In  addition  the  conduction  and  valence  band 
offsets  (band  discontinuities)  of  GaAsN  with  respect  to  strained  InAs  (P)  “barriers” 
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have  been  evaluated.  A  critical  concentration  of  N  is  found,  which  marks  the  onset  of 
type-I  band  alignment,  in  which  holes  and  electrons  are  confined  in  GaAsN,  to  a  type- 
II  band  alignment,  in  which  holes  and  electrons  are  confined  respectively  in  GaAsN 
and  InAs  (P).  Hence  by  controlling  the  amount  of  N  in  the  GaAsN,  (GaAsN)n/InAs)m 
quantum  dot/well  superlattice  lattice  matched  to  the  InP  offers  a  potential  material  for 
long-wavelength  device  operating  beyond  2.2  pm.  The  modeling  data  for  a  bi- 
dimensional  (well)  system  is  also  extended  to  include  the  evolution  of  the  band 
structure  and  electron  and  hole  confinement  levels  as  a  function  of  the  dot  size  and 
nitrogen  content  for  GaAsN  quantum  dots  imbedded  in  InAs-  InP  matrix. 

Finally  an  experimental  investigation  on  these  new  types  of  nanostructures  has  been 
initiated  and  in  addition  to  theoretical  data  preliminary  experimental  results  will  be 
presented  at  the  conference. 
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FIELD  EMISSION  FROM  A  BUNDLE  OF  CARBON  NANOTUBE 
PRODUCED  BY  ARC  DISCHARGE  METHOD 

S.  Bini  F.  Tombolini  G.  Giannini  S.  Bellucci 
INFN  Frascati  Via  Enrico  Fermi  40  00044  Italy 
E-mai  1  :simone.  bini@lnf.infn.it 
http://www.lnf.infn.it 

In  our  laboratory,  we  have  studied  electron  emission  from  carbon  nanotubes  produced  by  arc- 
discharge  method.  Field  emission  is  defined  as  the  emission  of  electrons  from  surface  of 
condensed  phase  into  another  phase,  usually  a  vacuum  ,  under  the  action  of  high  (3-6  KW 
pm)  electrostatic  fields.The  stable  electron  emission  at  relatively  low  fields  (<10  V/  pm) 
makes  nanotubes  very  attractive  for  field  emission  display  application.  In  the  present  work, 
we  report  the  fabrication  of  a  micro  machining  sample  based  on  arc-produced  carbon 
nanotubes.  Carbon  nanotubes  were  synthesized  in  a  dc  arc  system  in  helium  atmosphere  at 
low  pressure,  about  0.5  atm.  Arc-discharge  is  a  method  which  was  usually  used  in  synthesis 
of  carbon  nanotubes  in  the  early  stage.  Two  graphite  rods  are  used  as  the  cathode  and  anode, 
between  which  arcing  occurs  when  DC  voltage  power  is  supplied.  A  large  quantity  of 
electrons  from  the  arc-discharge  move  to  the  anode  and  collide  into  the  anodic  rod.  Carbon 
clusters  from  the  anodic  graphite  rod  caused  by  the  collision  are  cooled  to  low  temperature 
and  condensed  on  the  surface  of  the  cathodic  graphite  rod.  The  graphite  deposits  condensed 
on  the  cathode  contain  both  carbon  nanotubes,  nanoparticles,  and  clusters.  The  graphite 
clusters  synthesized  in  these  initial  experiments  contained  a  small  amount  of  carbon 
nanotubes.  The  schematic  diagram  of  arc-discharge  apparatus  for  the  synthesis  of  carbon 
nanotubes  is  represented  in  Fig  1  where  the  apparatus  is  connected  both  to  a  vacuum  line 
with  a  diffusion  pump,  and  to  a  helium  supply.  The  electrodes  are  two  graphite  rods,  usually 
of  high  purity.  Typically,  the  anode  is  a  long  rod  approximately  6  mm  in  diameter  and  the 
cathode  a  much  shorter  rod  13.6  mm  in  diameter.  Efficient  cooling  of  the  cathode  has  been 
shown  to  be  essential  in  producing  good  quality  nanotubes.  The  position  of  the  anode  should 
be  adjustable  from  outside  the  chamber,  so  that  a  constant  gap  can  be  maintained  during  arc- 
evaporation.  A  voltage-stabilized  DC  power  supply  is  normally  used,  and  discharge  is 
typically  carried  out  at  a  voltage  of  20  to  40  V  and  at  a  current  in  the  range  of  50  to  100  A. 
When  a  stable  arc  is  achieved,  the  gap  between  the  rods  should  be  maintained  at 
approximately  1  mm  or  less.  Carbon  nanotubes  synthesized  by  arc-discharge  normally  have 
multi-walled  structures.  We  have  made  with  the  arc-discharge  methode  single  wall  nanotube 
of  a  diameter  of  about  1 .5  nm. 

The  powder  containing  nanotubes  was  thoroughly  mixed  into  non  conductive  epoxy  in  a 
volume  ratio  of  approximately  1:1  to  produce  a  conductive  matrix  of  nanotubes.lt  was 
deposited  on  the  PVC  cylinder,  and  then  mechanically  shaped  to  obtain  a  well-defined 
circular  emission  surface  with  diameter  of  order  2mm. Fig  3  depicts  the  experimental  setup  for 
detecting  nanotube  field  emission  The  sample  was  placed  in  a  vacuum  chamber  at  1CT6  Torr. 
Using  an  insulator  foil  thick  80pm  the  prepared  surface  was  sandwiched  with  a  cathode 
brass  plate.  The  sample  was  then  biased  at  negative  voltage  V  with  respect  a  anode  .  We  can 
see  that  the  turn  on  -voltage  is  near  430  V.The  value  that  we  have  obtained  with  error  bars  are 
shown  in  Fig2  The  source  display  a  stable  and  reproducible  current-voltage  characteristic 
with  activation  field  of  order  (6  V/  pm  )  and  emission  current  of  order  1  pA  /mm2  after  HV 
conditioning  .Further  improvement  of  this  technology  may  lead  to  easy-to-make  and 
inexpensive  flat  panel  displays 
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Fig.  1.  Schematic  diagram  of  an  arc  evaporator  (horizontal  arrangement  of  electrodes) .  (A)  Carbonaceous  hard 
deposit  grown  on  the  end  of  the  cathode  is  called  “cylindrical  hard  deposit”;  (B)  soot  grown  on  surfaces  of  the 
cathode  is  “chamber  soot”;  (C)  soot  deposited  on  the  ceiling  of  the  evaporator  is  “cathode  soot”(Saito  et  al 
Carbon  38.169(2000)) 
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SYNTHESIS,  STRUCTURAL,  ELECTRICAL  AND  MAGNETO¬ 
OPTICAL  CHARACTERIZATION  OF  PbSe  QUANTUM  WIRES 

M.  Brumer.  M.  Bashouti  and  Efrat  Lifshitz,  Dept,  of  Chemistry  and  Solid  State  Institute, 
Technion,  Haifa,  32000,  Israel  (ssefrat@tx.technion.ac.il ) 

Semiconductor  quantum  wires  (QWs)  are  attracting  much  attention  in  recent  years,  due  to  their  rich 
physical  phenomena,  differing  substantially  from  the  bulk  or  quantum-dots  counterparts.  Novel 
properties  are  expected  in  semiconductor  QWs,  such  as  enhanced  conductivity  along  the  wire, 
linear  polarized  optical  transitions  and  long  spin-lattice  relaxation,  all  tunable  with  the  width, 
length  (the  aspect  ratio=length/width)  and  properties  of  the  surface.  This  work  describes  the 
change  in  the  electronic,  electrical,  optical  and  magneto-optical  properties  of  PbSe  QWs,  upon  a 
change  in  their  width,  length  and  surface  properties.  The  PbSe  QWs  were  selectively  chosen  for 
the  present  study  due  to  their  optical  activity  at  the  IR  spectra  regime  and  the  strong  size 
confinement  effect  on  their  exciton  emission.  The  research  focused  on  the  following  issues:  (a) 
Development  of  colloidal  synthesis,  which  led  to  a  free  standing  QWs  with  controlled  aspect  ratio; 
(b)  Determination  of  the  growth  mechanism,  governed  by  initiation  of  catalyst  seed,  stabilizing 
surfactants  and  thermodynamic  and  kinetic  processes;  (c)  Capping  of  the  QWs  with  various  organic 
ligands;  (d)  Determination  of  the  structural  and  morphological  properties  of  the  aforementioned 
QWs;  (e)  Determination  of  the  magneto-optical  properties  of  the  materials  such  as,  linear  Zeeman 
splitting  of  electron  and  hole  energy  levels,  the  spectroscopic  g-factor,  and  angular  momentum  of 
electronic  states;  (f)  Electrical  transport  property  of  a  single  QW  and  its  dependence  on  the 
physical  dimensions  and  the  surface  quality. 

The  colloidal  synthesis  was  carried  out  at  low  temperatures  (10-1 17°C),  using  alkyl-diamines  as  the 
surfactants.  The  crystallographic  and  morphological  properties  of  the  QWs  were  examined  by 
high-resolution  scanning  and  transmission  electron  microscopy  (HR-SEM  and  HR-TEM)  and 
electron  diffraction  (ED).  The  results  showed  that  a  delicate  balance  between  electrostatic  and 
steric  interactions,  temperature  and  duration  of  the  reaction,  determines  the  nanocrystallines’  shape. 
Wires  with  a  ~20  nm  diameter  and  a  1-5  pm  length  are  formed  at  the  lowest  temperatures  (e.g., 
figure  1),  while  quantum-rods  and  cubes  are  formed  at  elevated  temperatures.  Short  alkyl-diamine 
(e.g.,  ethylene  diamine)  chains  permitted  the  growth  of  crystalline  wires,  while  a  long  organic  chain 
(e.g.,  hexane  diamine)  hindered  the  formation  of  an  ordered  structure.  The  optical  (quantum  size 
effect)  and  magneto-optical  (Zeeman  splitting,  g-factors,  angular  momentum)  properties  were 
investigated  by  the  use  of  linearly  and  circularly  polarized  photoluminescence  (LP-  and  CP-PL)  in 
the  presence  of  an  external  magnetic  field  (under  resonant/nonresonant  excitation).  Representative 
CP-PL  measurement  is  shown  in  figure  2).  The  last  revealed  an  angular  momentum  of  J— 1/2  for 
both,  the  valence  and  conduction  band  edges,  with  similar  g-factor  (ge-gh=0.1)-  The  time-resolved 
CP-PL  showed  a  relatively  long  spin  relaxation  (~70  nsec),  showing  a  potential  use  in  spinstronics 
devices.  The  electrical  properties  of  the  QWs  were  studied  by  measuring  the  conductivity  of  a 
single  QW  (deposited  between  metal  leads)  with  a  two-probe  technique.  This  electrical 
measurements  showed  a  typical  specific  resistance  of  p==0. 1 5  ficm  (e.g.,  figure  3). 
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Figur  I:  Scanning  tunneling  micrograph 
of  PbSe  nanowires  (full  scale  =  5  pm) 
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Figure  3:  A  typical  I-V  curve  of 
three  different  single  PbSe  QWs, 
measured  between  two  Ag  leads 
(treated  with  e.  beam  lithography). 
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Figure  2:  Degree  of  circular  polarization 
[P=(ct+  -  ct  +  cr ')]  versus  strength  of  an 
external  magnetic  field,  B  (at  T=1.4  K), 
when  P=(ge-gh)pBB/4kT. 
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MOVING  MOLECULES:  DYNAMICAL  MODELING  AND  A  NEW 
STM  MANIPULATION  TECHNIQUE 

S.A.  Burke.  J.M.  LeDue,  J.C.  Neima,  H.J.  Kreuzer,  M.H.  Jericho 
email:  sarah. burke@mail.mcgill.ca 


Since  the  rise  of  Scanning  Probe  Microscopy,  the  idea  of  having  “hands”  as  well  as 
“eyes”  in  this  nanoscale  world  has  intrigued  those  who  have  entered  the  field. 
Experiments  involving  controlled  modification  of  systems  on  this  scale  are  becoming 
increasingly  routine,  even  though  the  manipulation  processes  are  often  not  well 
understood. 

To  better  understand  the  underlying  mechanisms  for  the  contolled  manipulation  of 
molecules  on  surfaces  using  a  Scanning  Tunneling  Microscope  (STM)  tip,  a  classical 
model  of  the  STM  tip-adparticle-substrate  system  has  been  developed  [1].  The  full 
dynamical  equations  of  motion  are  solved  numerically  revealing  that  net  forces  of~lnN 
on  the  adparticle  during  manipulation  give  rise  to  kinetic  energies  of  several  hundred 
meV.  Results  from  the  simulations  agree  well  with  other  modelling  studies  [2]  and 
previously  reported  experimental  results  [3]. 

The  model  is  also  used  to  test  a  novel  new  form  of  manipulation  where  the  tip  is 
circulated  around  the  adparticle,  trapping  it  while  the  tip  is  then  translated.  The  model 
suggests  that  this  technique  may  be  the  method  of  choice  on  substrates  where  the 
adparticle  is  strongly  bound. 

Preliminary  experimental  results  for  the  circulation  method  applied  to  C6o  on  Si( 111)  at 
room  temperature  can  be  interpreted  within  the  framework  of  the  model  and  will  be 
presented. 
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CHEMFET  ACTIVATION  DERIVED  FROM  A  MOLECULAR 

BINDING  EVENT 

C.P.  Kubiak1,  R.G.  Reifenberger2,  E.S.  Bums' 
email:  eburns@ucsd.edu 

'Department  of  Chemistry,  University  of  California,  San  Diego,  La  Jolla,  California, 

USA,  92093-0358 

2 Department  of  Physics,  Purdue  University,  West  Lafayette,  Indiana,  USA,  47907 

The  electrostatic  potential  of  thiol  derivatized  organic  molecules  bound  to  the  surface 
of  a  Au(lll)  substrate  have  been  previously  measured  with  a  modified  AFM.1 
Changes  to  the  Self  Assembled  Monolayer  (SAM)  were  shown  to  be  detectable  by 
monitoring  the  Surface  Potential  of  the  sample.  A  chemically  reactive  SAM  has  been 
developed  that  can  reversibly  bind  small  gas  phase  molecules.  We  have  chosen  the 
basic  system  previously  reported  in  literature  consisting  of  a  zinc  porphyrin  axially 
ligated  to  4-mercaptopyridine2  and  adapted  it  to  a  Ruthenium  porphyrin.  RuTPP(CO) 
(Ruthenium  tetraphenylporphyrin  Carbonyl)  was  self  assembled  onto  a  SAM  of  4- 
mercaptopyridine  on  Au(lll)  through  the  pyridine  nitrogen  to  test  our  ability  at 
detecting  a  binding  event.  A  binding  event  at  the  porphyrin  metal  center  leads  to  a 
change  in  the  surface  potential  of  the  SAM  and  activation  of  a  Chemical  Field-Effect 
Transistor  (ChemFET)  device.  Using  surface  IR  methods  the  axially  bound  CO  mode 
at  -1978  cm'1  for  the  SAM  can  be  seen.  Ligand  exchange  reactions  to  substitute  the 
sixth  coordination  site  from  CO  to  other  small  molecules  such  as  NO  are  being 
investigated. 
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PARTICLE  SIZE  EFFECTS  ON  THE  DIELECTRIC  PROPERTIES 

OF  CaMn7Oi2 

A.  Castro-Couceiro1,  B.  Rivas-Murias2,  S.  Yanez  Vilar1,  A.  Fondado2, 

J.  Mira2,  J.  Rivas2  and  M.  A.  Senarls-Rodriguez1 
'Dpto.  Quimica  Fundamental,  Universidade  da  Coruna,  15071  A  Coruna,  Spain. 
2Dpto.  Fisica  Aplicada,  Univ.  de  Santiago,  15782  Santiago  de  Compostela,  Spain. 


Recently,  there  is  a  considerable  interest  in  the  high  dielectric  constants  (e’~  104  at  300  K) 
displayed  by  some  perovskite-type  materials  ACU3M4O12  (A=  Ca,  etc;  M=  Ti,  Fe,  etc). 
Although  this  anomalous  behaviour  has  been  extensively  investigated  in  order  to  know 
whether  the  dielectric  properties  of  these  systems  are  intrinsic  or  extrinsic,  the  origin  of  this 
high  permittivity  remains  unclear  [1,2]. 

A  related  compound  with  similar  structure,  CaMn70i2,  shows  also  an  anomalous  high 
dielectric  constant  [3].  In  this  work,  we  have  prepared  samples  of  CaMn70i2  with  different 
particle  size  to  see  the  effect  of  this  parameter  on  the  dielectric  properties  of  this  material.  For 
this  purpose  we  have  synthezised  the  samples  by  the  "‘Pechini”  method,  heating  the  precursor 
powders  at  different  final  temperatures.  According  to  powder  X-ray  diffraction  results, 
CaMn70|2  (space  group  R  3 )  is  the  major  phase  for  all  the  samples.  Nevertheless,  extra  peaks 
on  XRD  patterns  reveal  the  presence  of  small  amounts  of  MmCb  and  MnsCL  as  secondary 
phases  (<5%,  estimated  by  Rietveld  refinement). 

SEM  micrographs  reveal  that  the  grain  size  of  the  samples  increases  from  0.4  pm  to  1  pm 
with  the  acumulative  thermal  treatements. 

As  an  example  Fig.  1  shows  the  temperature  dependence  of  the  dielectric  constant  of  samples 
with  different  particle  size  and  Fig.  2  their  frequency  dependence  at  300  K.  Meanwhile,  Fig.  3 
shows  the  frequency  dependence  of  the  dielectric  loss  tangent;  tan  a  =  s’Vs’. 

All  the  results  reveal  that,  as  the  particle  size  increases,  the  dielectric  properties  of  these 
materials  improve.  This  is  a  somehow  surprising  result,  as  in  traditional  dielectric  materials 
the  dielectric  properties  are  indeed  enhanced  as  the  number  of  grain  boundaries  increase. 

In  any  case,  these  results  clearly  confirm  that  the  origin  of  this  anomalous  high  dielectric 
constant  is  intrinsic,  and  is  not  due  to  grain  boundaries  effect. 
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Figures: 


Temperature  (K) 

Fig.  !.:  Evolution  of  the  dielectric  constant  with  temperature  at  1154  Hz. 
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Fig.  2.:  Dielectric  constant  vs  frequency  at  300  K  in  materials  with  different  particle  size. 
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Fig.  3.:  Dielectric  loss  tangent  at  300  K. 
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SCANNING  PROBE  MICROSCOPY  FOR  ELECTRICAL 
CHARACTERISATION  OF  BIOLOGICAL  SAMPLES 

I.Casuso1.  G.  Gomila1,  A.  Errachid1,  O.  Ruiz1,  J.  Samitier1,  G.  Ferrari2,  M.  Sampietro2,  C. 
Pennetta3,  E.  Alfinito3,  L.  Reggiani3,  J.  Bausells4 *,  N.  Jaffrezic-Renault3,  E.  Pajot-Augy6 

and  R.  Salesse6 

'Research  Centre  for  Biolectronics  and  Nanobioscience  and  Departament  d'Electronica, 
Universitat  de  Barcelona,  C/  Marti  i  Franques  1,  08028  Barcelona,  Spain.  E-  mail: 
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2Dipartimento  di  Elettronica  ed  Informazione,  Politecnico  di  Milano,  Milano,  Italy 
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4Instituto  de  Microelectronica  de  Barcelona,  Centro  Nacional  de  Microelectronica,  CSIC, 
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5Laboratoire  de  Ingenierie  et  Fonctionalisation  des  Surfaces,  Ecole  Centrale  de  Lyon-CNRS, 

Lyon,  France. 

6Laboratoire  de  Biologie  Celluler  et  Moleculer,  Institute  National  de  la  Recherche 
Agronomique,  Jouy-en-Josas,  France 

Scanning  Probe  Microscopy  (SPM)  is  one  of  the  more  versatile  instruments  for  the 
characterization  of  surfaces  with  nanometre  scale  resolution.  A  part  from  its  use  in  the 
realization  of  topographic  images,  many  other  functionalities  have  been  developed  in  recent 
years.  This  has  given  rise  to  a  bunch  of  different  SPM  modes,  as  for  instance  capacitance, 
resistance  or  magnetic  modes  [1]. 

Most  of  the  modes  developed  so  far  have  been  designed  for  the  study  of  solid  state  surfaces. 

Only  recently,  these  modes  have  been  adapted  to  the  special  requirements  of  biological  samples 
[2,3]. 

One  of  the  modes  whose  adaptation  to  biology  may  turn  out  to  be  more  interesting  is  the 
electrical  mode,  allowing  the  performance  of  current-voltage  or  impedance  spectroscopy 
measurements  on  biological  samples.  This  mode  will  help,  in  particular,  the  development  of 
electronic  nanbiosensors  [4],  with  great  impact  in  biomedical  and  environmental  industries.  In 
our  Laboratory  we  have  started  the  adaptation  of  a  commercially  available  Scanning  Probe 
Microscope  to  the  realization  of  electrical  measurements  (current-  voltage  characteristics  and 
impedance  spectroscopy)  on  biological  samples.  This  adaptation  requires,  among  other  things, 
the  design  and  fabrication  of  special  tips  and  electrochemical  cells  or  the  use  of  specific 
electronic  instrumentation  to  adequately  pre-amplify  the  electric  signals  [4]. 

In  the  present  communication  we  will  report  on  the  advances  performed  so  far  in  the  adaptation 
of  the  SPM  for  electrical  measurements  on  biological  samples,  and  will  present  some 
preliminary  results  obtained  on  bacterias  and  proteins. 

[1]  “A  practical  guide  to  Scanning  Probe  Microscopy”,  Thermomicroscopes,  2001 

[2]  S.  Lyndsay,  “The  scanning  probe  microscopy  in  Biology”,  preprint  available  at 
http://green.la.asu.edu/review/content.htm. 

[3]  V.  J.  Morris,  A.  R.  Kirby  and  A.  P.  Gunning,  Atomic  Force  Microscopy  for  Biologists, 

(Imperial  College  Press,  London,  1999). 

[4]  “Single  protein  Nanobiosensor  Grid  Array”,  (IST-38899), 
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NANOSCALED  INORGANIC  COMPOSITES  FOR  LOCALISED  IN- 

VIVO  HEAT  GENERATION 

Mathieu  Chastellain 

Powder  Technology  Laboratory,  Swiss  Federal  Institute  of  Technology  (EPFL),  Switzerland 

E-mail:  mathieu.ehastellain@epfl.ch 
http://Itp.epfl.ch 

Nanoscaled  particles  showing  a  superparamagnetic  behaviour  have  been  intensively  studied 
these  past  years  for  various  in  vitro  as  well  as  in  vivo  bio-medical  applications.  Among  them, 
well  controlled  magnetically  induced  heat  generation  inside  a  body  is  a  promising  mean  to 
locally  modify  specific  cells  activities  [1],  [2]. 

For  this  purpose  nanoparticles  are  placed  in  the  zone  to  be  treated  and  heat  is  generated  by 
external  magnetic  excitation  of  the  latter.  The  particles  must  fulfil  several  criteria  such  as 
biocompatibility  and  chemical  inertness  and  must  be  able  to  interact  with  the  external 
magnetic  field,  which  is  limited  in  terms  of  amplitude  and  frequency  for  physiological 
reasons.  The  particles  must  then  be  tailored  so  that  to  be  sensitive  to  low  energy  excitations. 

The  present  work  presents  the  synthesis  and  characterisation  of  nanoscaled  iron  oxide 
particles  embedded  or  coated  with  different  compounds  (Fig.  1  and  2).  The  particles 
composition,  size  distribution  and  magnetic  properties  are  characterised  and  compared  to  the 
power  loss  generated  when  submitting  them  to  low  energy  alternative  magnetic  fields  (Fig.  3). 
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Figures: 


Fig.  1)  Bright  Field  TEM  picture  showing  well  separated  bare  iron  oxide  nanoparticles. 
Fig.  2)  Bright  field  TEM  picture  of  iron  oxide  particles  embedded  in  a  silica  matrix. 


Fig.  3)  Heating  generated  by  silica  embedded  particles  when  submitted  to  an  external 
alternative  magnetic  field  of  6  mT  and  with  varying  frequencies. 
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HELICAL  ROSETTE  NANOTUBES  AS  MORE  EFFECTIVE 
ORTHOPAEDIC  IMPLANTS 


A.L.  Chun*.  H.  Fenniri+  &  T.J.  Webster* 

Departments  of  Biomedical  Engineering  &  Chemistry,  Purdue  University,  500  Central  Drive, 

West  Lafayette,  IN  47907 

Email:  *ailin@nurdue.edu,  f  hf@purdue.edu.  *  twebster@ecn.purdue.edu 


A  class  of  organic  nanotubes  called  helical  rosette  nanotubes  (HRN)  have  been 
synthesized.  They  possess  properties  suited  for  various  nanotechnology  applications  such  as 
molecular  electronic  or  photonic  devices,  drug  delivery  systems  and  also  implant  materials. 
These  HRN  are  assembled  from  a  single  bicyclic  block  with  a  Guanine-Cytosine  (GC)  motif 
designed  to  have  hydrogen-bond  donor-donor-acceptor  array  on  one  side  and  complementary 
acceptor-donor  array  on  the  other  side.  These  building  blocks  assemble  through  H-bonds  to 
form  the  rosette,  which  then  stack  to  form  a  nanotube  with  a  hollow  core  1 1  A  across  and  up 
to  several  micrometers  long.  The  tube  structure  is  maintained  by  electrostatic,  hydrophobic 
and  stacking  interactions. 

A  variety  of  functional  groups  suited  for  different  applications  can  be  attached  to 
these  building  blocks.  With  such  flexibility  and  design,  it  is  thought  that  these  HRN  are 
suited  for  orthopaedic  implants  since  one  can  attach  growth  factors  and/or  specific  bone 
recognition  peptide  sequences  that  will  preferentially  attract  bone  cell  adhesion.  Moreover, 
HRN  possess  biologically-inspired  nanometer  features  that  resemble  naturally-occurring 
nanostructured  constituent  components  in  bone  such  as  collagen  fibers  and  hydroxyapatite 
(Caio(P04)6(OH)2)  that  bone  cells  are  accustomed  to  interacting  with.  Previous  studies  have 
provided  evidence  of  increased  new  bone  synthesis  on  nanostructured  ceramics,  metals  and 
polymers.  Yet,  currently  used  orthopaedic  materials  such  as  titanium  do  not  possess  desirable 
nanometer  surface  roughness.  This  is  believed  to  be  one  of  the  reasons  why  titanium 
sometimes  fails  clinically  as  a  bone  implant  material.  In  addition,  reorganization  of  tissues 
adjacent  to  implants  depends  largely  on  protein  adsorption,  which  in  turn  depends  on  the 
initial  response  of  cells  to  a  material.  Implant  surfaces  therefore  play  an  important  role  in 
forming  the  connection  and  integration  between  implant  and  tissue.  Much  effort  has  thus 
been  dedicated  to  developing  improved  bioactive  surfaces. 

For  the  first  time,  to  determine  the  possibility  of  utilizing  this  novel  nanomaterial  for 
bone  implant  applications,  in  vitro  cytocompatibility  properties  of  HRN-coated  titanium  were 
determined.  Compared  to  uncoated  titanium,  these  studies  demonstrated  increased  osteoblast 
(bone-forming  cell)  functions  on  titanium  coated  with  HRN  possessing  a  lysine  side  chain 
(HRN-K1).  Preferential  osteoblast  adherence  on  HRN-K1  over  conventional  titanium 
indicates  that  HRN-K1  is  a  non-toxic,  cytocompatible  and  promising  nanostructured  material 
for  bone  tissue  engineering  applications.  In  addition,  concentrations  of  HRN-K1  as  low  as 
0.005 mg/ml  still  showed  enhanced  cell  adhesion.  This  is  very  encouraging  since  less  material 
is  needed  to  achieve  the  same  increased  cell  adhesion  properties.  It  is  hoped  that  through  the 
use  of  HRN,  the  optimal  material  to  promote  efficient  new  bone  growth  will  be  obtained. 
Such  a  criterion  is  critical  for  orthopaedic  implant  success. 
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DIHEXYLQUATERTHIOPHENE  FIELD  EFFECT  TRANSISTORS 
FABRICATED  BY  NANOIMPRINT  LITHOGRAPHY  AND  SOLUTION 

PROCESS 

C.E.  Claviio  Cedeno.  A.P.  Kam,  and  C.M.  Sotomayor  Torres 

Institute  of  Materials  Science  &  Dept,  of  Electrical  Engineering,  University  of  Wuppertal, 
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Email:  claviio@uni-wuppertal.de 

Organic  electronics  is  leading  to  interesting  applications  due  to  the  use  of  low-cost 
techniques,  as  well  as  to  the  unique  properties  of  organic-electronic  devices.  Several  methods 
have  been  demonstrated  which  allow  low-cost  deposition  of  the  organic  materials  in  contrast 
to  the  time  consuming  and  expensive  high-temperature  vacuum  evaporation  of  inorganic 
semiconductors.  Furthermore,  the  use  of  nanoimprint  lithography  (NIL)  permits  patterning  of 
organic  thin  films  and  fabrication  of  nanometer-size  interdigitated  electrodes  for  field-effect 
transistors  (FET)  [1].  Figure  1  shows  the  interdigitated  source  and  drain  electrodes  for  FETs 
with  a  channel  length  (L)  of  50  nm. 

Previous  experiments  with  organic  FETs  (OFETs)  based  on  spin-coated 
dihexylquaterthiophene  (DH4T)  show  low  carrier  mobilities  as  a  result  of  non-uniform 
coverage  of  the  channel  using  this  method  [2].  Nevertheless,  there  is  room  for  improvement 
of  the  quality  of  the  organic  layer  by  optimizing  the  deposition  parameters  such  as  solvent, 
concentration,  rotation  speed  and  time.  OFETs  based  on  drop-cast  deposited  DH4T  show 
relatively  high  mobilities  for  channel  lengths  above  approximately  10  pm  (See  Figure  2)  [3]. 
This  is  a  consequence  of  the  tendency  of  DH4T  to  form  large  crystallites  with  a  size  of  the 
order  of  10  pm  when  is  drop-cast  on  hexamethyldisilazane  (HMDS)-treated  Si02  substrates. 
On  the  other  hand,  for  L  below  1  pm  the  field-effect  mobility  was  drastically  reduced.  This 
result  can  be  understood  considering  that  filling  of  nanometer-size  gaps  on  the  substrate 
between  source  and  drain  by  large  DH4T  crystallites  is  an  unlikely  process. 

Alternative  methods  for  deposition  and  formation  of  organic  films  from  solution  are 
Langmuir-Blodget  (LB)  deposition,  dip  coating  and  self-assembly.  However,  LB  deposition 
requires  amphiphilic  molecules  while  DH4T  has  hexyl  groups  attached  to  both  ends.  In  this 
work,  we  report  on  the  optimization  of  the  deposition  of  DH4T  films  on  SiC>2  by  spin-  and  dip 
coating  in  order  to  increase  the  field-effect  mobility  of  short-channel-length  OFETs. 
Preliminary  results  show  an  increase  of  two  orders  of  magnitude  in  the  field-effect  mobility 
for  cast  films  with  respect  to  spin  coated  ones.  Characterization  of  the  film  morphology  was 
done  by  atomic-force  microscopy  (AFM)  and  charge  transport  was  studied  by  current-voltage 
measurements  on  OFETs  based  on  these  films. 
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Figures: 


Figure  1.  SEM  image  of  interdigitated  source  and  drain  nanoelectrodes  with  a  channel  length 
of  50  nm  made  by  EBL. 
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Figure  2.  Current-voltage  characteristics  for  a  device  with  L  =  200  pm  and  W  =  425  pm. 
DH4T  was  drop  cast  deposited  from  a  chloroform  solution.  The  extracted  field-effect  mobility 
was  //  =  6xl0~3c/w2  IVs  . 
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ELECTROSTATIC  FORCE  MEASUREMENTS  OF  CARBON 
NANOTUBES,  DNA-BASED  MOLECULES  AND  GOLD  NANO¬ 
RODS 


Hezv  Cohen.1  Cristina  Gomez-Navarro,2  Julio  Gomez-Herrero,2  Gil  Marcowich3  and 

Danny  Porath1 

1. Physical  Chemistry  Department,  The  Hebrew  University,  Jerusalem,  Israel 

2.Departmento  Fisica  de  la  Materia  Condensada,  Universidad  Autonoma  de  Madrid 

3.The  School  of  Chemistry,  Tel  Aviv  University,  Ramat  Aviv,  Israel. 


Figure:  SFM  topography  image  (2x2  pm2)  of  SWCNT  and  G4-DNA  wires  having 
similar  dimensions  co-adsorbed  on  a  mica  substrate  (left).  A  corresponding  EFM  map 
showing  a  frequency  shift  to  lower  values  (dark  signal)  for  some  of  the  molecules, 
probably  the  SWCNT,  due  to  internal  polarization  exerted  by  the  external  electrostatic 
field  (right). 

One  of  the  central  themes  in  nanoscience  and  nanotechnology  is  the  study  of  the 
electrical  properties  of  single  molecules.  This  can  be  done  using  direct  [1,2]  or  indirect 
[3,4]  methods.  Among  the  leading  candidates  for  nanowires  are  the  single  walled  carbon 
nanotubes  (SWCNT)  and  DNA-based  molecules. 

We  will  present  measurements  of  the  electrostatic  force  between  a  metal  tip  and 
freestanding  objects  (gold  nano-rods,  carbon  nanotubes  and  other  DNA-based 
molecules),  deposited  on  an  insulating  surface. 

EFM  enables  to  investigate  electronic  properties  with  no  direct  contact  between  the 
probe  and  the  investigated  object,  thus  eliminating  the  contacts  problem  usually 
encountered  in  transport  measurements.  It  also  reduces  the  probability  of  a  mechanical 
deformation  of  the  object  by  the  probing  tip.  Topographic  and  corresponding 
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electrostatic  maps  will  be  shown  and  compared.  The  measurements  were  done  with  a 
scanning  (atomic)  force  microscope  (SFM)  in  tapping  mode  for  the  topographic  images 
and  using  various  advanced  methods  (plane,  retrace  and  3-D  modes)  for  the 
electrostatics.  The  electrostatic  signal  was  measured  as  a  function  of  the  object’s 
dimensions  and  the  results  show  the  dependence  of  the  electrostatic  signal  on  these 
dimensions. 
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The  Ag/Cu  system  can  be  used  to  tailor  growth,  and  hence  electronic  and  magnetic  properties 
of  Co  nanostructures.  Ag  grows  on  Cu  surfaces  with  little  or  negligible  intermixing,  leading  to 
flat  layers  with  sharp  interfaces  on  Cu(lll).  On  the  other  hand,  periodic,  striped  Ag/Cu 
phases  are  induced  by  growing  submonolayer  amounts  of  Ag  on  Cu  vicinal  substrates  [1]. 
Since  Co  and  Ag  also  display  little  tendency  to  form  mixed  compounds,  the  idea  is  using  Ag 
buffer  layers  and  nanostructured  templates  to  modify  Co  growth  on  Cu(l  1 1). 

On  flat  Cu(l  1 1)  Ag  grows  in  a  perfect  layer-by-layer  mode  with  very  minor  Ag/Cu  mixing. 
Up  to  4-5  layers,  the  Ag(  111)  surface  is  characterized  by  a  quasi  10x10  Moire  superstructure, 
which  is  explained  by  a  perfect  Cu(lll)  substrate  wetting.  Ag  adlayers  display  discrete, 
quantum  well  states  in  the  perpendicular  direction  [2],  as  well  as  an  almost  linear  decrease  in 
the  density  of  surface  electrons  [3].  Since  both  surface  potential  (Moire  corrugation)  and 
electronic  states  are  Ag-thickness-dependent  and  differ  from  Cu(lll)  or  Ag(lll)  bulk 
crystals,  we  expect  both  Co  nucleation  and  growth  to  proceed  also  in  a  different  way.  Thus 
our  aim  is  studying  the  diffusion  and  aggregation  behavior  of  two-dimensional  Co  clusters  on 
Ag  layers  on  Cu(  1 1 1 )  by  means  of  in-situ  variable  temperature  STM  measurements. 

In  Fig.  1  we  show  the  STM  image  for  0.05  ML  Co/0.5  Ag  ML/Cu(lll).  Small  Co  dots 
nucleate  on  Ag  covered  areas,  where  the  Moire  pattern  is  preserved.  As  shown  in  Fig.  2,  from 
1  ML  to  2  ML  cluster  sizes  double  (from  28  to  47  A,  and  from  3  to  5  A  height)  and  densities 
reduce  to  one  half,  suggesting  faster  adatom  diffusion  for  2  ML.  Clusters  nucleate  at  hollow 
places  in  the  Moire  reconstruction,  which  are  in  turn  nicely  observed  in  the  background. 
Images  suggest  very  little  Ag  layer  disruption,  since  there  is  a  minor  presence  of  point  defects 
and  superlattice  distortions  in  the  1  ML  buffer.  Such  defects  are  mostly  suppressed  at  very 
low  Co  coverages.  We  do  not  observe  any  special  cluster  arrangement,  discarding  long  range 
elastic  or  electronic  interactions  at  this  coverage  and  temperature  [4], 


Fig.  1.0.05  ML  Co  on  0.5  ML  Ag  covering 
Cu(lll).  Co  forms  tiny  dots  on  top  of  the  Ag 
Moire,  by  contrast  to  step  edge  decoration  and 
large  triangular  bilayer  islands  on  Cu(lll). 
(Image  derivate,  200  nm,  1.5  V) 


Fig.  2.  0. 1  ML  Co  on  I  ML  (left)  and  2  ML  (right) 
thick  Ag  buffer  deposited  on  Cu(lll)  at  300K.  Co 
cluster  size  doubles  and  the  density  reduces  to  one 
half  for2  ML,  revealing  lower  adatom  diffusion 
barrier  in  this  case.  (Image  50  nm,  1.5  V). 
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In  contrast  to  flat  Cu(lll),  Ag  evaporation  on  stepped  Cu(lll)  surfaces  induces  periodic 
faceting  of  the  surface,  i.e.  phase  separation  of  Ag-covered  facets  and  clean  Cu  stripes  [1]. 
The  driving  force  is  the  lattice  matching  of  Ag  packed  layers  with  different  Cu  planes,  leading 
to  a  hierarchy  among  the  different  orientation  of  the  Ag-covered  facets  observed,  and  hence  to 
a  rich  morphology  that  depends  on  step  density,  step  type  and  Ag  coverage.  Fig.  3  shows  an 
example  of  such  Ag/Cu  periodic  structure  obtained  in  the  particular  case  of  Cu(775),  with  8.5° 
miscut  towards  [1 1-2],  and  0.4  ML  of  Ag.  Current  images  or  topographic  derivatives  along 
the  horizontal  show  strong  contrast  between  [773]-oriented  Ag-covered  facets  (105  A  wide) 
and  Cu(l  1 1)  terraces  (130  A  wide).  The  inset  shows  the  details  of  the  Ag  covered  facet,  with 
its  characteristic  Moire. 

Varying  substrate  miscut  and  Ag  coverage  we  have  examined  the  stability  of  such 
nanostructure  upon  Co  adsorption.  The  aim  is  keeping  the  striped  morphology,  thereby 
inducing  one-dimensional  magnetic  behavior.  Co  adsorption  follows  the  general  rule  found  in 
infinite  systems,  i.e.,  bilayer  islands  decorating  Cu  steps  and  stripe  edges  while  small  Co  dots 
nucleate  across  Ag  facets.  The  topography  still  shows  periodic  facets,  but  the  Moire  quickly 
vanishes  and  the  derivate  images  loose  their  contrast.  The  Moire  and  the  derivative  contrast  is 
generally  preserved  at  low  coverage,  as  shown  in  Fig.  4  (a)  for  0.3  ML.  In  this  case,  Co 
nucleates  preferently  at  Cu  stripe  edges,  and  only  minor  amounts  incorporate  to  Ag  stripes. 
The  homogeneity  of  the  array  is  even  improved  with  respect  to  Fig.  3,  such  that  stripes  are  as 
long  as  1  micron.  Fig.  4  (b)  shows  the  surface  after  additional  adsorption  of  0.4  ML  Ag  and 
1 .9  ML  Co.  We  observe  the  same  overall  morphology  and  contrast,  strongly  suggesting  that 
the  Co  content  periodically  changes  across  the  striped  structure.  The  magnetic  properties  of 
this  Co  stripe  array  are  unknown. 


Fig.  3.  Ag/Cu  striped  nanostructure  grown  on 
Cu(775).  Cu(lll)  terraces  alternate  with  Ag 
covered  [773]  facets  (inset)  (200nm.  1.5  V, 
image  derivate  along  the  horizontal  direction). 


Fig.  4.  (a)  0.3  ML  Co  evaporation  on  the  striped 
structure  of  Fig.  1.  Co  sticks  preferently  to  steps  and 
Ag  stripe  edges  in  Cu  terraces  (lOOnm).  (b)  The 
same  surface  after  0.8  ML  of  Ag  and  2.2  ML  of  Co. 
The  faceted  structure  and  the  contrast  of  Fig.  I  is 
maintained,  suggesting  the  presence  of  alternating 
stripes  with  different  Co  content  (200nm.  image 
derivate  along  the  horizontal  direction). 
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Abstract 

Bioelectronics  offers  a  potential  alternative  to  Si-based  technology  because  natural  evolution 
and  selection  have  optimized  many  biological  molecules  to  perform  tasks  that  can  only  be 
mimicked  by  complicated  electronic  circuits. 

Purple  membrane  (PM)  patches  containing  bacteriorhodopsin  (BR)  proteins  could  be 
harvested  from  the  bacterium  and  used  as  the  key  light-absorbing  unit  in  nanometer-size 
photodetectors  that  rely  on  many  of  the  light  sensitive  properties  inherent  in  the  protein. 

We  used  non-contact  scanning  probe  microscopy  to  characterize  BR  films  on  multiple 
substrates.  Wild  type  and  a  variety  of  mutants  were  studied.  Conductive  AFM  was  used  to 
probe  the  I(V)  characteristics  of  individual  PM  patches.  A  novel  micron-scale  patterning 
method  was  developed.  Electrostatic  force  microscopy  techniques  were  developed  to  study 
the  photovoltage  of  PM  multilayers  on  indium  tin  oxide  substrates. 

We  find  a  humidity  dependant  photovoltage  response  under  illumination  by  a  635  nm 
photodiode  with  peak  photovoltage  in  excess  of  2V  at  ~140W/mA2  for  ~15%  humidity[l]. 
l(V)  data  from  individual  PM  patches  show  evidence  for  threshold  conduction  dependant  on 
the  relative  humidity.  Morphological  studies  show  reduced  structural  stability  of  membrane 
patches  for  all  mutants  investigated.  Taken  together,  these  results  reveal  many  new 
characteristics  of  BR  that  may  be  of  significance  for  the  design  of  future  nanoscale  devices. 
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STUDIES  OF  NANOSTRUCTURE  FILM  AND  NANOSECOND 
LIFETIME  OF  LUMINESCENT  POLYTHIOPHENE 

Hai  Nine  Cui ,  Haiwon  Lee,  Vasco  Teixeira 

University  of  Minho,  Physics  Department,  GRF-Functional  Coatings  Group,  Campus  de 
Azurem,  PT-4800-058  Guimaraes,  PORTUGAL 

The  thin  blend  polymer  film  with  nano  structure  is  more  important1'2,  when  polymers  are 
used  as  functional  materials.  It  is  also  a  novel  method  to  prepare  the  micrometer-  and 
nanometer-  sized  polymeric  light  emitting  diode  (LED) " 3.  Until  now  one  of  the  interesting 
candidate  polymer  is  polythiophene  4.  The  interest  in  organic  electroluminescence  (EL)  was 
revived  mainly  by  Tang  and  Van  Slyke  in  1987.  Their  multilayer  device  was  fabricated  by 
vacuum  evaporation  method.  In  recent  years,  the  techniques  to  form  thin  films  of  polymers  from 
solution  (or  call  wet  deposition  method)  were  given  much  attention  5.  Here  two  wet  deposition 
methods,  spin  coating  and  Langmuir-Blodgette  (LB),  have  been  used  to  fabricate  the  nano¬ 
morphology  and  nano-layer  structure  films. 

In  previous  work  the  studies  of  Langmuir-Blodgette  (LB)  films  of  poly  _>-(2-(5- 
chlorobenzotriazole)  ethyl)  thiophene  (PCBET)  6  and  energy  transfer  systems  of  LB  Films  of 
Porphyrins  7  were  reported.  Here  the  LB  films  and  ultrasonic  spin  coating  films  of  PCBET 
blended  with  amphibious  arachidic  acid  (AA),  Poly-  (p-  (methyl)-phenylmethacrylate 
(PMPMA)  and  polyvinylcarzole  (PVK)  were  prepared  and  characterized  respectively.  AFM  and 
LMF  indicated  that  the  domain  of  blend  polymer  film  is  of  micro  size.  The  energy  transfer 
mechanisms  in  the  blend  films  have  been  investigated  by  nanosecond  time-resolved 
photoluminescence  (PL)  spectroscopy.  The  films  have  been  investigated  by  UV-Vis,  PL, 
fluorescence  lifetime,  ellipsometry  and  conductivity  measurement.  The  dynamics  of  energy 
transfer  in  donor-acceptor  blends  of  two  combinations  and  concentration  effect  of  luminescent 
polymer  are  crux.  The  PL  and  excited  state  lifetime  results  suggest  that  the  energy  transfer  from 
PVK  (and  PMPMA)  to  PCBET  leads  to  the  enhancement  of  PL  emission  of  PCBET.  The 
blended  AA  molecules  can  improve  the  environment  of  luminescent  polymer. 

We  show  here  that  size  controlled  nanometer  phase  structure  and  nanometer  thickness  film  of 
blend  polymers  can  be  obtained  by  a  physical  method  under  ultra  thin  phase  separation  (UTPS) 
concept.  The  tip  of  a  modified  AFM  (atomic  force  microscopy)  investigates  the  electrical 
characterization  of  UTPS  in  which  there  are  the  mono  micro/nano  phases  of  semiconductor 
polymer  and  insulating  matrix.  It  can  directly  provide  both  morphology  and  electrical  properties 
of  micro  domain  of  a  blend  film  of  conducting  and  insulating  materials.  The  lateral  force 
microscopy  (LFM)  confirmed  the  results  of  AFM.  The  results  suggest  that  the  blend  leads  to  the 
forming  of  two  different  separated  phase  (PCBET  and  relative  blend  material). 

Figure  1  shows  the  one  of  AFM  images  of  the  blend  films  in  4:6  (PCBET:PVK)  mixing 
ratio.  It  is  clear  that  special  interpenetrated  network  (or  nano-domains)  is  formed  at  this  blend 
ratio.  The  domain  size  is  in  the  range  of  90-150  nanometer  and  the  domains  are  formed  mainly 
from  the  phase  separation  of  polymers.  The  surface  pressure-area  (jt— A)  isotherms  of  PCBET 
/AA  on  subphase  with  different  evaporating  time  are  shown  in  Figure  2.  This  result  let  us 
deduce  that  the  better  LB  condensed  monolayer  on  subphase  can  be  formed  at  least  28  minutes 
evaporating  time.  Much  longer  evaporating  time  is  not  needed.  The  thickness  of  18  layers  of 
PC  BET/ A  A  blend  film  is  ~80  nm  (one  mono-molecular  layer  is  )  by  result  analysis  of  TEM  and 
Ellipsometer. 

After  analysis  UV  absorption  and  PL  spectra  of  all  these  films,  the  large  spectral  overlap 
between  donor  emission  and  acceptor  absorption  in  the  PCBET/PVK,  PCBET/PMPMA  blend 
means  that  energy  transfer  will  be  very  efficient,  and  that  the  fluorescence  decay  dynamics  of 
the  donor  polymer  depend  strongly  on  the  energy  transfer  process  and  concentration  effect. 
According  as  above  data  the  PL  spectra  were  measured  after  exciting  at  235  and  422  nm 
respectively. 

From  PL  spectra  of  Figure  3  the  peak  of  PCBET  at  600  nm  is  attributed  to  the  result  of 
energy  transfer  from  PVK.  The  emission  at  600  nm  occurs  at  an  excitation  of  235  nm,  because 
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the  PL  emission  band  (390-460  nm)  of  PVK  overlaps  the  absorption  band  (350-440  nm)  of 
PCBET.  Under  a  235  nm  excitation  the  emission  of  pure  PCBET  film  was  not  observed  at  600 
nm,  because  PCBET  does  not  directly  absorbs  the  235  nm  light.  Interestingly,  when  the  blend 
polymers  were  excited  at  235  nm,  the  strong  emission  of  PCBET  was  observed  at  600nm, 
whereas  the  intensity  of  PVK  emission  in  the  region  of  390-460  nm  becomes  very  weak. 

The  dynamics  of  energy  transfer  in  blend  system  was  detailedly  investigated  by  theory  model 
and  experiment.  Some  fluorescence  lifetime  values  of  PCBET,  PVK,  PCBET/PVK  and 
PCBET/AA  film  are  shown  in  Table  1.  The  lifetime  difference  of  PCBET  (LB)  and  PCBET 
(spin)  is  because  oriented  order  of  chains  and  thiophene  rings  can  improve  the  environment  of 
luminescence  and  decrease  the  non-radiative  process  after  forming  of  the  LB  film.  That  is,  the 
short  lifetime  1.31  ns  (nanosecond)  of  PCBET  are  probably  due  to  aggregated  species  in  the 
spin  coating  film  of  pure  luminescent  polymer. 

The  fluorescence  lifetime  of  PCBET/PVK  film  (4:6)  is  21.33  ns,  which  is  between  that  of 
PCBET  (spin)  film  (1.31  ns)  and  PVK  film  (44.01  ns).  These  results  indicate  that  energy 
transfer  exists  from  PVK  to  PCBET.  The  data  from  the  concentration  effect  sample  PCBET/AA 
could  be  fitted  with  single  exponential  component.  It  can  be  seen  that  with  increasing 
concentration  of  AA,  the  lifetime  of  PCBET  fluorescence  decreases  in  LB  film.  This  indicates 
that  the  non-radiative  process  of  blend  PCBET  (LB)  film  becomes  more  efficient  after  mixing 
with  AA  molecules. 


Fig.l.  AFM  images  of  PCBET/PVK  films  at  4:6  mixing  ratio.  Fig.2.  jt-A  isotherms  of  PCBET/AA  on 
subphase  with  different  evaporating  times  (a)  10  min  (b)  18  min  (c)  28  min  (d)  38  min  (e)  88  min. 


Table  1.  The  fluorescence  lifetime  values  of  the  films 
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Fig.3.  PL  spectra  of  blend  films  excited  at  235  nm. 
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Nanofabrication  by  Step  and  Flash  Imprint  Lithography 
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The  fabrication  of  useful  devices  requires  the  ability  to  create  arbitrary  shapes  of  different 
materials  accurately  and  to  place  them  in  juxtaposition  with  high  accuracy.  There  are  two 
approaches  to  fabricating  structures  with  arbitrary  but  defined  shapes  that  have  dimensions  on 
the  length  scale  of  nanometers.  The  highest  resolution  methodology  is  often  described  as 
“bottom  up”  and  is  exemplified  by  the  stepwise  arrangement  of  individual  atoms  by,  for 
example,  scanning  tunneling  microscopy  techniques.  These  techniques  represent  the 
resolution  limit  for  fabrication;  single  atom  pixel  arrangements.  The  other  technique  is  often 
termed  “top  down”  and  is  exemplified  by  photolithography.  The  resolution  limit  of 
microlithography  is  now  in  the  range  of  hundreds  of  atoms,  but  it  has  the  advantage  of  being 
able  to  transfer  shape  images  at  a  data  rate  of  hundreds  of  gigapixels  per  second  while  the 
single  atom  placement  methodology  runs  at  only  about  0.2  pixels  per  second.1  Is  there  hope 
for  achieving  controlled  but  arbitrary  image  placement  at  the  high  data  rate  derived  from 
parallelism  of  microlithography  and  the  resolution  of  the  single  atom  techniques?  This  is  the 
grand  challenge!  Step  and  flash  imprint  lithography2  (SFIL)  does  not  offer  single  atom 
resolution  but  it  does  offer  a  means  to  replicate  structures  with  at  least  an  order  of  magnitude 
higher  resolution  than  photolithography3  with  no  loss  in  data  rate.  SFIL  has  the  potential  to 
enable  the  manufacturing  of  many  kinds  of  nanoscale  structures  with  useful  productivity  rates. 

The  SFIL  process,  as  depicted  in  Figure  1,  utilizes  transparent  templates  and  UV  curable 
materials  to  allow  pattern  replication  at  room  temperature  and  low  pressures.  These  process 
conditions  facilitate  improved  template-substrate  alignment  as  well  as  minimized 
magnification  and  distortion  errors. 3  The  process  achieves  high  aspect  ratio  pattern  transfer  as 
seen  in  Figures  3-4,  which  is  ideal  for  transistor  formation,  Figure  2.  To  merit  consideration 
as  a  potential  production  methodology,  SFIL  must  provide  for  high  aspect  ratio  pattern 
transfer,  economically  feasible  throughput,  and  controlled  defect  densities. 

The  etch  barrier  material  properties  are  crucial  to  the  effectiveness  of  SFIL.  Vinyl  ethers  are 
under  consideration  as  a  replacement  for  acrylates  due  to  the  sensitivity  of  free-radical 
polymerizations  to  oxygen. 

The  status  of  the  SFIL  process  will  be  presented  together  with  examples  of  active  structures 
that  have  been  built  by  this  technique. 
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Figure  I.  The  SFIL  process  Figure  2.  Transistor  with  50  nm  gate  using 

SFIL  (top).  Larger  transistor  (bottom) 
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40  nm  30nm  20nm 

Figure  3.  Features  fabricated  using  SFIL 


40nm  8: 1  aspect  ratio  20nm  lines  40nm  posts  40  nm  holes 

Figure  4.  Various  nanoscale  features  created  using  SFIL 
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Electric  field  assisted  assembly  of  carbon  nanotubes  between 
microfabricated  electrodes 
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Mikroelektronik  Centret,  Technical  University  of  Denmark,  Oersteds  Plads,  Building 
345  east,  DK-2800  Kgs.  Lyngby,  Denmark 

.,  ^nce  their  discovery  in  1 99 1  carbon  nanotubes  (CNT)  have  been  investigated 
thoroughly  due  to  their  astonishing  electrical  and  mechanical  properties.  One  of  the 
6mS  Wlth,C|NT  18  the  difflculty  involved  with  handling  them  in  order  to 
hi  h  T  T?  devlCes.such  as  field  transistors.  So  far  various  methods 
“  USed  1 “  °rdeV°  and  place  the  tubes,  however  the  final  position 

of  the  tube  and  thus  of  the  device  is  difficult  to  know  in  advance.  Several  methods 

ave  been  suggested  such  as  chemical  patterning,  fluid  flow  or  electric  field  directed 
growth  and/or  assembly  [1-3], 

In  this  report  we  show  how  an  alternating  current  (AC)  electric  field  can 
assemble  carbon  nanotubes  between  two  microfabricated  electrodes  extending  over 
the  edge  of  a  chip.  The  tubes  are  dispersed  in  isopropanol  by  ultrasonication  for 
periods  from  10  minutes  to  4  hours.  The  quality  of  the  solution  is  evaluated  from 
Scanning  Electron  Microscope  (SEM)  images  (figure  1).  The  electrodes  used  have 
various  shapes  and  sizes.  For  our  experiments  we  use  electrode  spacings  (distance 
between  the  middle  of  two  neighbouring  electrodes)  of  2-16  pm.  An  example  is  given 
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isopropanol  and  ultrasonicated for  3  hours 

Theoretical  calculations  based  on  the  work  of  Asokan  et  al.  [4]  show  that  a 
carbon  nanotube  of  3  pm  length  in  an  AC  field  will  experience  a  force,  which  for 
frequencies  up  to  at  least  8  MHz  will  drag  it  towards  regions  of  high  electric  field 
This  !S  termed  positive  dielectrophoresis  and  is  in  accordance  with  observations  of 
CNT  behaviour  under  the  influence  of  an  AC  field.  Moreover  the  AC  field  will  exert  a 
torque  on  the  tubes  which  will  align  them  along  the  field  lines 
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Figure  2.  One  of  the  electrode  structures  used  for  the  experiments.  The  suspended  electrodes  are  10 

pm  long  and  2  pm  wide. 

In  our  experiments  we  have  used  frequencies  over  5  KHz  and  voltages  of  1-10 
V.  We  see  that  the  tubes  tend  to  assemble  in  bundles  at  regions  where  there  is  an 
electric  field.  At  regions  where  the  field  is  negligible  there  are  still  carbon  nanotubes 
but  significantly  less  and  randomly  placed  (figure  3).  We  believe  this  is  caused  by  the 
evaporation  of  the  isopropanol  under  which  the  tubes  are  left  behind  at  random 
positions.  The  bridges  created  have  resistances  from  a  few  kQ  to  up  to  a  few  hundred 
kQ. 


Figure  3.  By  applying  voltage  between  the  lower  two  electrodes  we  can  preferentially  assemble  the 
nanotubes  between  them.  The  tubes  in  the  remaining  regions  can  be  seen  assembling  there  during  the 

evaporation  of  the  solution. 
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FIELD  EMISSION  STABILITY  OF  CARBON  NANOTUBES 

M.W.  Docter,  C.W.  Hagen,  and  P.  Kruit 

Delft  University  of  Technology,  Faculty  of  Applied  Sciences,  Lorentzweg  1, 

2628  CJ  Delft,  The  Netherlands 
Corresponding  author.  E-mail:  hagen@cpo.tn.tudelft.nl 

There  are  three  main  requirements  for  an  electron  source  in  a  probe-forming 
instrument.  First  a  high  reduced  brightness,  which  determines  the  current  in  the  probe. 
Second  a  small  energy  spread,  to  reduce  the  effect  of  chromatic  aberration  of  the  probe¬ 
forming  optics  on  the  probe  size.  And  last  but  not  least,  a  high  current  stability  and  a  long 
lifetime.  Carbon  nanotubes  (CNT)  are  believed  to  fulfill  at  least  two  of  these  requirements. 
The  small  diameter  of  CNT's  implies  a  small  virtual  source  size,  and  therefore  a  high  reduced 
brightness,  and  the  high  chemical  and  mechanical  stability  may  lead  to  a  high  emission 
current  stability  and  a  long  lifetime  as  well. 

About  four  years  after  the  discovery  of  carbon  nanotubes  (CNT's)  in  1991  [1], 
research  started  on  CNT's  as  field  emitter  [2],  Since  then  a  number  of  researchers  have 
reported  on  field  emission  energy  distribution  measurements  [3,4],  brightness  estimates  [5,6], 
and  emission  stability  [7-11].  In  this  work  we  focus  on  the  stability.  Other  groups  have 
shown  that  the  field  emission  images  of  CNT's  on  a  phosphor  screen  are  different  from  the 
images  of  metal  cold  field  emitters,  such  as  tungsten  for  instance.  The  images  consist  of  spots 
arranged  in  pentagons  and/or  hexagons  for  capped  CNT's,  and  spots  arranged  in  a  ring  shape 
for  open  CNT's.  The  spots  are  sensitive  to  adsorbed  gas  molecules,  which  manifests  itself  in 
an  emission  change  of  the  particular  site  where  the  gas  atom  is  adsorbed.  Depending  on  the 
type  of  gas  the  emission  change  after  adsorption  may  be  reversible  after  heat  treatment  of  the 
CNT.  All  studies  of  the  influence  of  gas  molecules  and  gas  pressure  on  the  emission  stability 
that  we  are  aware  of,  give  qualitative  descriptions  and  rather  speculative  explanations  of  the 
experimental  observations.  It  is  our  objective  to  study  this  more  quantitatively. 

The  samples  we  study  are  obtained  from  Hata  et  al.  [10],  and  consist  of  tiny  rods, 
produced  by  an  arc  discharge  method,  containing  multiwalled  carbon  nanotubes.  A  rod  is 
glued,  using  carbon  glue,  on  a  tungsten  wire  loop  (wire  diameter  of  160  pm),  and  mounted  on 
a  xyzr-manipulator  in  an  Ultra-High-Vacuum  (UHV)  chamber,  containing  a  micro-channel 
plate  and  a  phosphor  screen  at  about  20  mm  distance  from  the  sample.  The  wire  loop  allows 
resistive  heating  of  the  sample  to  desorb  any  adsorbed  gas  molecules.  Easy  sample  exchange 
is  facilitated  by  a  load-lock  chamber  with  a  linear  motion  feedthrough  to  transport  the  sample 
to  the  manipulator.  When  a  voltage  is  applied  between  the  microchannelplate  and  the  sample 
the  emission  current  is  measured  and  the  emission  images  on  the  phosphor  screen  are 
captured  with  a  CCD  camera. 

In  fig.  la  a  typical  emission  image  of  a  CNT,  preheated  to  1100  °C  (as  determined 
from  pyrometry),  is  shown.  A  pentagonal  structure  is  present  in  the  center,  surrounded  by  5 
other  patterns  which  could  be  either  pentagonal  or  hexagonal.  To  illustrate  this,  in  fig.  lb 
some  guides  to  the  eye  are  drawn  in  the  image  of  fig.  la.  Sometimes  the  emission  from  one 
particular  site  in  this  pattern  changes.  There  are  different  kinds  of  changes  that  may  occur. 
First  there  is  the  emission  increase  of  one  particular  site.  This  could  be  due  to  an  adsorbed 
gas  molecules  coming  out  of  the  gas  environment  or  traveling  by  diffusion  over  the  CNT 
surface.  Then  a  bright  site  might  jump  to  another  site,  probably  due  to  diffusion  of  the 
adsorbed  molecule.  Or  a  bright  site  splits  into  two  emitting  sites,  as  is  seen  in  fig.  2a  and  b, 
resp.  Also  two  or  more  adjacent  bright  sites  may  show  interference  fringes,  visible  as  black 
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lines  between  sites.  Many  of  these  observations  have  been  described  by  others,  but  were  not 
always  fully  explained.  We  will  quantitatively  determine  the  effect  that  gas  pressure  has  on 
the  number  of  changes  and/or  the  types  of  changes  in  the  emission  patterns.  Then  we  will 
study  the  temperature  dependence  of  the  emission  patterns,  to  determine  the  rate  of  changes 
per  emission  site  as  a  function  of  temperature.  Furthermore  we  will  determine  in  a  similar 
quantitative  way  what  the  effect  is  of  different  gas  molecules  on  the  emission  patterns. 

First  results  will  be  presented  at  the  conference. 
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Fig.  la  A  typical  emission  pattern  of  a 
multiwalled  CNT,  at  1 .6- 1  O'6  mbar  N2,  2. 1  kV 
extraction  voltage,  and  pre-heated  at  1 100  °C. 


Fig.  2a  Enhanced  emission  in  the  centre  part  of 
the  pattern,  at  1.810'10  mbar,  2.1  kV  extraction 
voltage,  pre-heated  at  1 100  °C. 


Fig.  lb  The  lines  are  guides  to  the  eye  to 
identify  the  pentagon  and/or  hexagon 
patterns  in  tig.  la 


Fig.  2b  Same  pattern  as  in  fig.  2a,  but  2  sec. 
later.  The  central  spot  decreases  in  intensity 
and  splits  in  two  parts. 
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Due  to  their  thermal  insulating  properties  [1],  amorphous  silica  structures  are  included  in 
aerogels  as  nanoparticles  (NP).  The  main  contribution  to  heat  transfer  in  aerogel  is  supposed 
to  be  related  to  heat  conduction  between  coalesced  particles.  However  it  was  shown  that  a 
heat  flux  can  also  be  exchange  through  near  field  non-radiative  contributions  which  are 
dramatically  increased  when  the  bodies  are  separated  by  a  few  nanometers  [2].  This 
phenomenon  is  related  to  the  presence  of  phonon-polaritons  in  the  material  such  as  silica  and 
was  predicted  based  on  the  fluctuation-dissipation  theorem  and  Maxwell  equations  including  a 
‘macroscopic’  dielectric  constant.  On  a  fundamental  point  of  view,  the  phonon-polariton 
contribution  to  the  heat  transfer  between  two  NPs  also  represents  a  basic  and  general  problem, 
especially  when  the  inter-particles  distance  is  of  smaller  scale  than  the  macroscopic  one. 

We  propose  a  Molecular  Dynamics  (MD)  approach  to  analyze  heat  transfer  between  two  silica 
NPs  which  are  close  together.  Molecular  Dynamics  technique  consists  in  the  computation  of 
all  the  atomic  positions  and  velocities.  The  full  BKS  potential  [3]  was  programmed  to 
calculate  the  forces  between  any  couple  of  atoms.  There  is  neither  potential  cut-off  nor  limited 
neighbors  list. 

The  numerical  experiment  is  as  follows:  the  two  particles  are  heated  up  to  two  different 
temperatures  in  separate  simulations  by  using  a  conventional  gaussian  thermostat.  The 
thermostats  are  removed  and  an  equilibration  period  leads  to  a  temperature  relaxation.  This 
equilibration  allows  us  to  remove  any  thermostat  artifacts.  Since  the  time  integration  is 
performed  through  the  5th  order  Gear  predictor-corrector  scheme,  all  the  coordinates  are  saved 
(positions,  velocities,  accelerations,  first  and  second  time  derivative  of  accelerations)  and 
input  in  the  next  simulation  step  where  the  particle  are  put  close  together  (Figure  1).  To 
maintain  the  inter-NP  distance  the  center  of  mass  of  each  was  fixed.  The  temperature  time 
evolution  of  both  NPs  are  then  calculated. 

We  derive  the  exchange  coefficient  between  both  NPs  from  the  temperatures  signals.  Several 
conclusions  are  finally  discussed  regarding  the  heat  transfer  rate  and  the  dynamic  properties  of 
the  exchange  heat  flux. 
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Figures: 


X 

Figure  1:  View  of  the  simulated  silica  particles.  The  red  dots  are  oxygens  atoms  and  the  blue 

ones  represent  silicon  atoms. 
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Several  groups  [1]  have  studied  ways  of  doping  Ain  in  order  to  form  highly  stable  closed- 
shell  clusters  that  could  act  as  candidates  for  novel  cluster-assembled  materials.  The  cluster 
considered  in  this  work,  AlnH,  has  a  closed  shell  configuration  and  is  obtained  by  adding  a 
hydrogen  atom  to  Ain.  The  experiments  [2]  have  shown  that  AI13H  presents  a  high  stability, 
and  molecular  dynamics  simulations  have  predicted  that  a  solid  assembled  from  AI13H 
clusters  may  be  stable  up  to  150  K  [3]. 

In  the  present  work,  the  bonding  of  hydrogen  in  the  AI13H  aggregate  is  analyzed  using  the 
deformation  densities  and  the  Fukui  functions  within  the  framework  of  density  functional 
theory,  DFT.  Although  those  local  concepts  have  been  used  before  for  typical  molecular 
reactions,  the  present  results  are  an  example  of  the  virtuality  of  the  Fukui  analysis  to  study  a 
reaction  involving  a  metallic  cluster. 

The  two  panels  of  the  Figure  show  the  charge  transfer  due  to  the  presence  of  the  H  atom  over 
the  centre  of  one  of  the  triangular  faces  of  the  oblate  icosahedron,  which  is  the  equilibrium 
geometry  of  the  AI13  aggregate.  Continuous  lines  indicate  an  increment  of  the  electronic 
charge,  dash  dotted  line  correspond  to  the  zero,  and  those  regions  from  which  electrons  are 
taken  to  form  the  Al,3  -  H  bond,  are  indicated  by  the  dashed  lines.  There  is  a  net  charge 
transfer  from  the  aggregate  to  the  H  site.  For  the  aggregates  AI13  and  AI13H  there  is  a  constant 
density  contour,  with  a  value  only  slightly  larger  than  in  bulk  aluminum,  which  encloses  the 
atomic  cores.  The  electron  density  plots  suggest  metallic  character  for  AI13  and  also  that  the  H 
atom  behaves  as  a  proton  screened  by  the  electron  gas. 

The  Fukui  functions  of  Alt3  have  maximum  values  precisely  at  those  sites  (Hollow  sites) 
where  the  H  atom  is  predicted  to  be  located  by  the  total  energy  calculations,  and  this  fact 
justifies  the  preference  for  those  particular  locations  at  the  surface  of  the  aggregate.  So,  the 
Fukui  functions,  obtained  from  ground  state  calculations  for  the  separate  reactants,  can  be 
used  as  meaningful  reactivity  indexes  in  studying  the  interaction  of  atomic  species  with 
metallic  clusters.  Those  reactivity  indexes  can  help  to  interpret,  and  moreover  to  predict,  the 
equilibrium  structures  found  from  total  energy  calculations.  Moreover,  our  study  opens  up 
new  and  relatively  simple  ways  for  investigating  not  only  the  actual  location  of  the  impurity 
in  other  metallic  aggregates,  like  those  recently  synthesized  AI12X  (X=C,  Ge,  Sn,  Pb),  but 
also  the  formation  of  cluster-assembled  materials  based  on  the  study  of  the  local  Fukui 
functions  and  indexes  of  the  corresponding  building  clusters. 
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Nanostructured  magnets  exhibit  interesting  physical  phenomena  and  are  the  subject  of  intense 
activity  due  to  their  basic  research  interest  and  existing  and  potential  applications  in  a  variety 
of  areas.  An  important  issue  is  the  thermal  stability  of  magnetic  nanostructures  since  the 
anisotropy  energy  that  stabilizes  the  magnetization  scales  with  the  volume.  When  magnetic 
materials  approach  nanometer  sizes  their  magnetic  energy  becomes  comparable  to  thermal 
energy  at  room  temperature.  Thus  thermal  fluctuations  can  destroy  the  stable  magnetization  in 
these  small  nanostructured  magnets.  Such  instabilities  are,  already  today,  one  of  the  biggest 
problems  in  the  magnetic  recording  industry  [1].  The  solution  to  the  superparamagnetic 
limitation  is  complex.  A  possible  solution  is  to  bring  the  ferromagnetic  (FM)  nanostructure  in 
close  contact  to  an  antiferromagnetic  (AF)  material.  The  exchange  interaction  at  the  interface 
between  both  materials  adds  additional  unidirectional  anisotropy  energy  to  the  systems  which 
can  stabilize  the  magnetization.  The  unidirectional  anisotropy  in  the  AF,  initialized  by  field 
cooling  the  sample  below  the  Neel  temperature  or  preparing  the  AF  within  an  external  field, 
causes  a  shift  of  the  hysteresis  loop  of  the  FM  by  the  so-called  exchange  bias  field.  The 
explanation  of  this  effect  is  a  long-standing  problem  in  condensed  matter  physics.  Progress, 
theoretical  and  experimental,  has  been  made  in  understanding  the  phenomenology  and 
mechanisms  of  the  exchange  bias  effect  (for  reviews  see  [2]).  However  detailed  mechanisms 
of  the  interfacial  exchange  still  remain  unclear.  In  the  exchange  bias  phenomenon  one 
characteristic  length  scale  is  the  size  of  the  magnetic  domains  in  both  ferromagnet  and 
antiferromagnet,  which  are  believed  crucial  to  the  mechanism.  Patterning  films  on  comparable 
length  scales  in  the  nanometer  range  changes  the  magnetic  properties  and  allows  to  probe 
various  influences  on  the  exchange  bias  more  independently  like  interface  roughness,  shape 
anisotropy,  and  domain  structure  in  the  AFM/FM  structures. 

In  this  work  we  investigate  the  size  effect  in  patterned  FeF2/Fe  bilayers,  where  the  (110) 
orientation  of  the  twinned,  epitaxial,  antiferromagnetic  FeF2  layer  suggests  a  completely 
compensated  surface,  i.e.  the  two  AF  magnetic  sublattices  point  in  opposite  directions  and 
there  is  ideally  no  magnetic  net  moment.  The  Fe  layer  is  polycrystalline.  Due  to  extensive 
experimental  and  theoretical  work  on  unpatterned  biased  FeF2/Fe  bilayer  this  system 
particularly  qualifies  to  extend  those  studies  towards  the  investigation  of  size  effects  in 
patterned  AFM/FM  bilayers.  Exchanged  biased  Fe  nanodots  on  FeF2  films  where  fabricated 
by  ion-milling  through  polymer  masks  produced  by  e-beam  lithography  or  a  lift-off  process  of 
nano-porous  alumina  masks  after  evaporation  through  its  pores.  The  magnetic  properties 
where  measured  by  SQUID  magnetometry  and  magneto-optic  Kerr  effect  (MOKE). 
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In  comparison  to  the  sheet  film  the  magnetization  curves  of  the  nanostructured  films  are 
significantly  changed.  Depending  on  the  size  of  the  patterned  structures,  the  change  in 
coercivity,  exchange  bias  and  their  temperature  dependence  behaves  differently.  The 
differences  are  discussed  in  terms  of  the  various  influences  like  i.e.  shape  anisotropy, 
interface  roughness,  domains  in  FM  and  AFM  layer.  For  certain  structure  sizes  the  patterning 
process  even  affects  the  left-hand  and  right-hand  side  of  the  hysteresis  loop  differently.  This 
result  suggests  the  significance  of  different  domain  structures  in  the  ferromagnetic  layer, 
which  are  often  neglected  in  present  theories  of  exchange  bias.  However,  considering 
domains  lead  to  a  better  understanding  of  various  aspects  in  exchange  biased  systems  and 
play  certainly  an  important  role  in  applications. 
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European  Network  (HPRN-CT-2002-0029),  and  the  Alexander  von  Humboldt  Foundation. 
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Figure  1:  Sketch  of  ferromagnetic  Fe  dots  on  an  antiferromagnetic  FeF2  layer. 
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Different  articles  [1,2]  have  been  devoted  to  study  the  corrosion  resistance  of 
nanocrystalline  materials  and  metallic  glasses  because  their  mechanical  and  magnetic 
behaviour  1$  affected  by  it.  Nowadays  these  materials  are  used  in  different  technical 
applications  due  to  their  good  magnetic  properties.  In  these  applications  the  materials 
have  to  work  in  some  cases  in  aggressive  environments  that  could  affect  their  magnetic 
properties.  In  addition,  some  of  these  materials  are  corroded  in  atmospheric  conditions 
[3j.  Then,  it  is  necessary  to  study  how  the  corrosion  affects  the  magnetic  properties  of 
these  nanocrystalline  and  amorphous  materials. 

Taking  into  account  that  corrosion  affects  mainly  the  surface  characteristics  of  the 
material  due  to  the  formation  of  a  non-cond active  oxide  layer  in  the  surface  of  the 
samples  [4,5],  the  influence  of  corrosion  on  the  magnetic  properties  is  a  surface 
phenomena  and  then,  the  surface  magnetic  properties  would  be  the  most  affected  by 
corrosion. 

In  this  article  we  present  a  study  of  the  variation  of  the  surface  magnetization  with 
corrosion  in  Fc73.5CutNb3Sijj.jB51  in  the  amorphous  and  nanocrystalime  states. 

The  amorphous  and  nanocrystalline  samples  were  oxidized  by  application  of 
consecutive  potential  cycles  at  various  sweeps  rates  in  highly  alkaline  solutions.  The 
surface  magnetization  was  obtained  using  the  transversal  magneto-optical  Kerr  effect. 
The  results  show  that  after  oxidation  both  surfaces  of  the  ribbons  (the  air  and  wheel 
surface)  have  the  same  surface  magnetization  and  then  all  the  study  is  carried  out  only 
in  the  air  surface  of  the  samples. 

Other  important  result  is  the  fact  that  in  the  amorphous  samples  the  saturation  surface 
magnetization  decreases  from  5%  to  21%  when  the  oxide  surface  layer  increases  from 
87  A  to  156  A  . 

Finally,  after  different  annealing  to  produce  the  nanocrystailization  of  the  samples  the 
results  show  that  the  oxidized  and  not-oxidized  samples  have  the  same  surface 
saturation  magnetization  but  it  is  reached  firstly  in  the  not-oxidized  samples  as  is  shown 
in  the  figure  1  for  the  samples  nanocrystallized  after  annealing  of  60  min.  at  520°  C. 

All  these  results  are  explained  in  the  basis  of  the  oxide  layer  formed  in  the  oxidized 
samples. 
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CONDUCTANCE  DISTRIBUTIONS  IN  QUASI-ONE  DIMENSIONAL 
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The  study  of  electronic  transport  through  quasi-one-dimensional  (Q1D)  systems  will  allow  to  design 
future  nanoelectronics  devices  based  on  metallic  nanowires,  carbon  nanotubes,  specific  molecules,  etc.  In 
such  systems,  the  electronic  transport  is  governed  by  few  conducting  channels  whose  transmission 
probabilities  depend  on  the  system  geometry  as  well  as  the  presence  of  scattering  centers  (impurities, 
vacancies,  defects,  surface  corrugation,  etc).  Weakly  disordered  systems  (i.e.  the  electron  mean  free  path  / 
is  larger  than  the  system  length  L\  l/L>  1)  are  featured  by  ballistic  electronic  transport.  For  increasing 
disorder  (i.e.,  L/l »  1)  diffusive  and  localized  regimes  appear  [1].  The  study  of  such  mesoscopic  systems 
requires  a  statistical  analysis  in  order  to  obtain  the  evolution  of  the  conductance  G  versus  the  scaling 
parameter  L/l.  However,  a  more  valuable  information  is  obtained  from  the  conductance  distribution  P(G) 
associated  to  a  given  value  L/l  (i.e.  a  given  average  conductance  <G>).  The  interpretation  of  P(G)  has 
been  a  controversial  matter  for  a  long  time  from  a  basic  point  of  view.  However,  notice  that  P(G)  contains 
essential  information  to  analyze  the  repeatability  of  a  conductance  value  for  a  set  of  systems  fabricated 
with  identical  nominal  conditions  (length,  composition,  etc).  In  addition,  an  accurate  knowledge  of  P(G) 
is  of  importance  in  other  fields  as  in  the  study  waveguides  [2]. 

The  electron  transport  problem  in  Q1D  systems  has  been  afforded  in  the  context  of  the  scaling  equation 
derived  by  Dorokhov,  Mello,  Pereyra  and  Kumar  (the  so-called  the  DMPK  approach)  [3]  as  well  as  the 
Random  Matrix  Theory  (RMT)  [4],  Under  both  approaches,  many  analytical  results  have  been  proposed 
for  the  distribution  P(G).  In  particular  many  studies  focused  on  the  crossover  region  from  diffusive  to 
localization  regimes[5,6,7].  Very  recently  [8],  we  have  obtained  P(G)  distributions  using  Monte  Carlo 
(MC)  approaches  showing  excellent  agreement  with  numerical  Tight-Binding  (TB)  simulations  of  bulk 
disordered  (Anderson-like)  two-dimensional  (2D)  systems.  However,  these  results  (both,  MC  and  TB) 
were  at  variance  with  calculations  on  surface  disordered  wires  (SDW)  with  a  free  electron  model  [7,9].  In 
particular,  conductance  distributions  in  the  crossover  region  are  rather  different  when  considering  surface 
and  bulk  disordered  systems. 

The  aim  of  this  work  is  to  analyze  the  situations  where  P(G)  follows  the  DMPK  predictions  and  to 
understand  the  origin  of  the  deviations  of  P(G)  when  some  system  parameters  are  varied.  Working  in  the 
TB  framework,  we  have  developed  a  model  to  simulate  surface  (lateral)  disorder:  Given  a  nanowire  of 
width  N,  the  disorder  is  applied  on  Lw  rows  (the  nearest  to  one  edge  of  the  nanowire).  Within  these  Lw 
rows,  the  type  of  disorder  used  is  Anderson:  on-site  energies  are  uniformely  distributed  between  — W/2 
and  W/2.  The  non-disordered  zone  has  zero  on-site  energy.  We  have  carried  out  intensive  simulations  for 
a  huge  amount  of  systems  (with  time-reversal  symmetry)  where  different  parameters  have  been  changed: 
(disorder  strength,  width  of  region  where  disorder  appears  (i.e.  number  of  lateral  rows  Lw  affected  by  the 
disorder),  number  of  propagating  channels,  ratio  of  propagating  and  evanescent  modes,  etc).  Our  results 
show  a  non-trivial  dependence  of  P(G)  on  the  system.  The  results  indicate  that  the  presence  of  strong 
surface  disorder  as  well  as  the  existence  of  few  propagating  modes  modify  the  DMPK  P(G)  distributions. 
For  example,  in  Figure  1  we  show  the  variation  of  P(G)  with  the  disorder  stregth  (for  fixed  Lw=->)  and 
how  changes  from  a  DMPK  like  distribution  (obtained  previously  for  bulk  disorder  [5])  to  a  chaotic 
cavity  like  distribution  (obtained  formerly  with  surface  disorder  [7]).  In  figure  2  it  is  shown  how, 
changing  the  propagating/evanescent  modes  proportion,  the  distribution  varies  from  a  DMPK  like  to  a 
chaotic  cavity  like  distribution.  In  the  present  work  we  will  discuss  the  reasons  leading  to  the  deviation 
from  the  DMPK-like  behavior  of  P(G). 
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FIGURE  1.  Conductance  distributions  P(g=G/G0=G/(2e2/h))  (squares)  for  different  disorder  strengths  (W).  In  this 
case  the  wire  has  N=7  sites  width,  with  Lw=3  rows  affected  by  disorder;  the  Fermi  energy  EF  determines  the 
presence  of  only  n=3  propagating  channels.  Upper  row  illustrates  the  case  <g>=l,  whereas  the  lower  one 
corresponds  to  <g>=0.5.  The  continuous  line  denotes  the  MC  solutions  to  the  DMPK  scaling  equation  [5].  Dashed 
lines  represent  the  RMT  solution  for  a  chaotic  cavity  [7].  Inset:  sketch  of  the  model  of  disorder  used. 
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FIGURE  2..  Conductance  distributions  P(g=G/G0)  (squares)  for  different  number  of  propagating  modes  (n=4,5,6). 
The  disorder  strength  and  disorder  zone  take  constant  values  W=6  and  Lw=3  respectively.  Upper  row  illustrates  the 
case  <g>=l,  whereas  the  lower  one  corresponds  to  <g>=0.5.  The  continuous  line  denotes  the  MC  solutions  to  the 
DMPK  scaling  equation  [5].  Dashed  lines  represent  the  RMT  solution  for  a  chaotic  cavity  [7]. 
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INTENSITY  CORRELATIONS  AND  FLUCTUATIONS  OF  TRANSMITTED 
AND  REFLECTED  WAVES  IN  RANDOM  MEDIA 

L.S.  Froufe-Perez1.  A.  Garci'a-Marti'n2  and  JJ.  Saenz1 
'Departamento  de  Fisica  de  la  Materia  Condensada,  and  Instituto  "Nicolas  Cabrera", 

Universidad  Autonoma  de  Madrid,  E-28049  Madrid,  Spain. 

2Instituto  de  Microelectronica  de  Madrid,  Centro  Nacional  de  Microelectronica, 

Consejo  Superior  de  Investigaciones  Cientlficas,  Tres  Cantos,  E-28049  Madrid,  Spain. 

Todays  nanotechnology  concepts  for  new  electronic  devices  are  crucially  determined  by  the  "physics  of  the  small 
scale”,  in  other  words,  mesoscopic  phenomena  in  condensed  matter  drives  the  behavior  of  nano-devices.  Practically 
any  device  is  designed  in  such  a  way  that  its  transport  properties  are  previously  chosen  to  fit  certain  requirements. 
Hence,  in  order  to  massively  produce  any  device,  it  is  important  to  control  the  reproducibility  of  its  transport 
properties.  Since  long  time  ago,  it  is  known  that  coherent  scattering  is  important  in  mesoscopic  physics,  more  over, 
this  implies  that  large  sample  to  sample  fluctuations  are  expected  to  be  found  in  the  transport  properties  of  this 
systems.  Thus,  a  good  knowledge  about  these  fluctuations  on  the  transport  coefficients  of  mesoscopic  systems  is 
required  if  large  scale  manufacture  of  the  same  device  is  required. 

The  phenomenology  related  to  mesoscopic  solid  state  systems  in  connection  with  electronic  transport  is  much  more 
general.  The  wave-like  behavior  of  electrons  allows  us  to  generalize  the  basic  ideas  and  results  on  electron  transport 
through  disordered  media  to  the  propagation  of  virtually  any  wave  in  a  disordered  medium.  Theoretically  and 
experimentally  many  facts  has  been  shown  to  be  essentially  the  same  with  electrons  or  with  electromagnetic  waves. 

The  propagation  of  waves  through  random  media  produces  complex,  irregular  intensity  distributions  ( speckle 
patterns)  [1]  which  are  not  nearly  as  random  as  intuition  suggests.  The  statistical  behavior  of  such  patterns  is 
dominated  by  the  underlying  correlations  between  transport  coefficients.  In  the  last  decades  much  attention  has  been 
focused  on  this  subject  in  connection  with  the  discovery  of  interesting  multiple  scattering  effects  [2],  Different 
phenomena  like  the  enhanced  coherent  backscattering  and  intensity  correlations  in  transmitted  and  reflected 
electromagnetic  and  other  classical  waves  are  closely  connected  to  weak  localization  and  universal  conductance 
fluctuations  (UCF)  in  electron  transport.  These  interesting  phenomena  are  not  restricted  to  the  case  of  volume 
scattering.  Enhanced  backscattering  and  correlations  of  the  speckle  pattern  intensity  arising  in  the  light  scattering 
from  randomly  rough  surfaces  have  been  intensively  investigated.  Recently  much  attention  has  been  paid  to  the 
reported  experimental  observation  of  strong  localization  and  universal  conductance  fluctuations  of  light  [3]. 

In  this  work  we  add  some  more  insight  on  the  knowledge  of  correlations  and  fluctuations  of  relevant  transport 
coefficients.  For  this  purpose  we  work  on  a  simplified  set  of  systems  known  as  quasl-one-dimensional  systems, 
which  can  be  thought  as  wires  in  the  context  of  electronic  transport  or  electromagnetic  waveguides  when  classical 
waves  are  addressed.  The  main  feature  we  will  assume  for  these  systems  is  that  scattering  is  perfectly  elastic,  i.e.  the 
length  of  the  system  is  always  much  smaller  than  the  phase  coherence  length.  In  addition,  we  will  have  a  well 
defined  (and  usually  small)  number  of  transport  channels,  since  the  transversal  energy  spectrum  is  discretized. 

In  order  to  achieve  some  understanding  about  the  statistical  properties  of  such  systems,  one  of  the  most  used 
theoretical  tool  is  the  Random  Matrix  Theory  (RMT)  [4].  Within  this  framework,  the  scattering  matrix  associated 
with  each  sample  (for  instance  a  nanowire)  belongs  to  an  ensemble  of  random  matrices.  Therefore,  we  can  obtain 
through  the  statistics  of  the  random  scattering  matrices,  the  desired  statistical  properties  for  transport  coefficients. 

Our  main  focus  will  be  the  correlations  between  reflection  coefficients  of  different  channels.  If  Rab  represents  the 
reflection  coefficient  of  a  wave  incoming  from  the  channel  labeled  by  a,  and  outgoing  to  the  channel  labeled  by  b, 
the  correlations  are  defined  as  CRRab  aw=  <SRab  §Rav>  where  8Rab=Rab-<Rab>-  Using  standard  RMT  techniques  it 
can  be  shown  that,  under  the  isotropy  assumption,  the  structure  of  the  RR  correlations  can  be  written  as: 

C^aba'b'=<Rab><Ra'b>{  [5aa'  5bb’+8ab8a.b-5aba.b']  C,RR(s)+[8aa.+  8bb'+8ab.  +  8a.]C2RR(s)+C3RR(s)} 

Where  CjRR(s)  will  only  depend  on  the  length  of  the  system  L  normalized  to  the  elastic  mean  free  path  1 ,  s=L/l, 
and  on  the  number  of  propagating  modes. 
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These  functions  can  be  calculated  using  the  results  obtained  from  the  solution  of  the  so-called  Dorokhov-Mello- 
Pereyra-Kumar  (DMPK)  equation,  a  Fokker-Plank-like  equation  describing  the  evolution  of  the  statistics  of 
transport  eigenchannels  [4,5]. 

RR 

In  order  to  verify  the  results  obtained  from  RMT  we  have  compared  the  Cj  (s)  with  those  obtained  using  other 
different  methods.  First,  the  coefficients  are  calculated  using  standard  Monte  Carlo  techniques  on  the  knowm 
solutions  of  the  DMPK  equation  [6].  Second,  we  have  performed  numerical  calculations  for  ’microscopic’  scattering 
models.  We  have  used  two  different  models,  bulk  disordered  waveguides  (BDW)  in  which  a  lossless  waveguide  if 
filled  with  a  collection  of  scatterers  whose  strength  is  randomly  chosen,  and  surface  disordered  waveguides  (SDW), 
an  also  lossless  waveguide  where  one  of  its  boundaries  is  considered  to  be  randomly  corrugated. 

The  scattering  in  BDW  is  known  to  be  quite  isotropic,  thus  BDW  is  very  close  to  fulfill  the  RMT  isotropy 
requirements.  On  the  other  hand,  SDW  present  strong  scattering  anisotropy  [7].  Quite  Interestingly,  the  RMT  results 
can  be  applied  even  for  of  strongly  anisotropic  systems  [8],  indicating  this  fact  that  the  RMT  ’macroscopic’  approach 
is  applicable  in  a  wide  variety  of  situations.  To  illustrate  this  fact,  we  have  plotted  in  the  figure  C2,3RR(s)  for  5 
propagating  modes  (N)  and  for  the  three  models.  As  expected.  BDW  correlations  fit  RMT  predictions  almost 
perfectly,  however,  the  case  of  SDW  it  is  not  so  good  but,  even  in  this  case,  the  qualitative  behavior  is  very  well 
captured,  although  some  other  statistical  properties  might  differ  [8], 


RR 

Fig.  1  C2,3  (s)  coefficients  for  a  5  propagating  modes  waveguide.  Continuous  line  shows  the  exact  DMPK 

results  while  circles  and  squares  correspond  respectively  to  Bulk  disordered  waveguides  and  Surface  Disordered 
waveguides,  dashed  line  correspond  to  a  mean  free  path. 


Here  we  will  also  show  the  interplay  between  correlations  and  fluctuations,  the  role  of  energy  and  flux  conservation 
and  the  constrains  on  the  correlations  coefficients  given  by  this  conservation  [9]. 
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DESIGN  OF  BIOSENSORS:  NEW  PROTOCOLS  TO  ACHIEVE 
“TAILOR  MADE”  A  DIRECT  COVALENT  IMMOBILIZATION  OF  BIO¬ 
MACROMOLECULES  ON  SUPER-PARAMAGNETIC  PARTICLES 

Manuel  Fuentes1.  Cesar  Mateo1,  Mercedes  Casqueiro2,  Roberto  Femandez-Lafuente  , 

Juan  C.  Tercero2  and  J.M.  Guisan1. 

'Laboratorio  de  Tecnologia  Enzimatica.  Departamento  de  Biocatalisis.  Instltuto  de 
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The  use  of  magnetic  particles  in  cell  separation,  immunoassays,  isolation  of  viruses  or 
organelles,  and  in  molecular  genetics  has  only  been  recently  initiated.  Molecular  probes 
bound  to  paramagnetic  particles  permit  the  one  step  purification  and  concentration  of 
target  molecules,  either  at  the  beginning  or  the  end  of  an  analytical  protocol. 

The  correct  immobilization  of  bio-macromolecules  on  paramagnetic  particles  is  a 
critical  step  for  many  uses  of  biosensors.  Only  if  this  immobilization  is  properly  design, 
the  recognition  of  the  biomacromolecule  may  be  almost  fully  preserved,  unspecific 
adsorption  may  be  negligible  and  the  results  may  be  fully  satisfactory,  the  biosensor 
may  be  used  in  any  kind  of  medium. 

In  this  presentation,  we  are  going  to  describe  the  immobilization  of  antibodies  or 
aminated  DNA  probes  on  paramagnetic  particles,  trying  to  fully  cover  the  sensor 
surface  with  properly  oriented  biomacromolecules  and  designing  strategies  to  avoid  the 
unspecific  adsorption  of  any  other  molecules  that  could  hinder  the  real  usefulness  of  this 
technique. 

In  this  presentation,  we  describe  an  universal  protocol  to  bind  capture  antibody  with  a 
correct  orientation  onto  a  very  inert  surface  of  magnetic  particles.  The  results  show  that 
the  immunoactivity  of  immobilized  IgG  was  almost  unaltered  when  the  immobilization 
was  carried  out  through  groups  present  in  the  region  Fc:  via  Chelate-epoxides  or  via 
sugar  chain.  Better  adsorption  of  the  antigen  rate  was  achieved  when  immobilization 
was  performed  via  the  sugar  chains  (the  IgG  sugar  chains  acts  as  spacer  arms)(Figure 
1).  Furthermore,  in  order  to  avoid  the  unspecific  adsorption,  the  super-paramagnetic 
particles  covered  with  IgG  immobilized  were  coated  with  dextran-aspartic,  prevented 
the  ionic  adsorption  of  other  bio-molecules. 

Moreover,  we  described  a  procedure  for  the  immobilization  of  aminated  DNA  probes  in 
aminated  super-paramagnetic  beads  based  on  the  use  of  hetero-polyfunctional  polymers, 
modified  dextrans  as  spacer  arms.  These  molecules  are  poly-functional  and  may  be 
modified  step  by  step,  to  give  hetero-functional  polymers.  They  permit  to  immobilize 
many  DNA  probes  per  dextran  molecule,  quite  far  away  from  the  support  (avoiding 
steric  hindrances).  Its  flexibility  permits  the  immobilized  molecules  almost  full  freedom 
of  movement.  We  have  used  these  molecules  partially  modified  with  aspartic  acid  to 
take  advantage  of  two  facts:  l.-The  negative  charge  may  partially  block  the  amino 
groups  in  the  surface  preventing  ionic  adsorption  of  samples  of  DNA  that  could  give 
false  positives.  2.-A  rapid  electrostatic  adsorption  of  the  aldehyde  dextran  on  the 
magnetic  particles,  followed  by  a  covalent  “intramolecular”  reaction  between  the 
aldehydes  of  the  dextran  and  the  amino  groups  of  the  superparamagnetic  particles  that 
permit  the  full  coating  of  the  particle  surface  (very  important  if  the  pK  of  the  amino 
group  is  not  very  adequate).  The  key  parameters  studied  were:  unspecific  adsorption, 
the  real  covalent  attachment  via  the  amino  group  (introduced  artificially  introduced  in 
the  probe)  and  the  stability  of  the  final  composite(Figure  2).  This  super-paramagnetic 
particles  have  important  advantages  in  PCR-ELISA  assays. 
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PERFLUOROFUNCTIONALIZATION  OF  CARBON  NANOTUBES 

Gemma  Gabriel8.  Jaume  Casabob,  Mar  Tristanyb,  Marcial  Morenob,  Ma  Teresa 
Martmezc,  Carlos  Miravitlles2. 
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b)  Universitat  Autonoma  de  Barcelona,  Chemistry  Dpt.  (08193)  Bellaterra,  Spain 

c)  Instituto  de  Carboquimica,  CSIC.  (50015)  Zaragoza,  Spain 
*gabriel@icmab.es 

Carbon  nanotubes  can  be  purified  by  acid,  thermal  treatment  or  both.  We  have  carried 
out  an  oxidant  thermal  treatment  of  the  nanotubes  produced  by  an  arc  discharge,  over 
one  hour  at  300  °C.  The  basic  goal  of  this  treatment  is  to  increase  the  amount  of 
oxidized  functional  groups  on  the  surface.  This  should  allow  us  to  functionalize  the 
nanotubes  with  a  perfluorated  molecule. 

With  this  aim,  we  undertake  the  synthesis  of  the  amine:  4-perfluorooctylaniline  (D. 
Crich,  Tetrahedron).  Carbon  nanotubes  (SWNTs)  were  functionalized  by  reaction  with 
thionylchloride  and  4-  perfluorooctylaniline.  Different  derivatives  also  have  been 
synthesized  with  fluorooctylamine  and  octadecylamine. 


[1].  D.  Crich  etal.  Tetrahedron  55  (1999)  14261-14268 
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MONTE  CARLO  SIMULATION  OF  A  BALLISTIC  Y-BRANCH 

JUNCTION  (YBJ) 
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J.Mateos(2),  T.  Gonzales(2),  H.  Boutry(3),  B.  Hackens(3),  V.  Bayot(3),  L.  Berdnarz(3),  I. 

Huynen(3) 
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Because  of  the  increasing  amount  of  information  to  be  transmitted,  the  development  of 
digital/analog  electronic  devices  for  data  processing  at  ultra-high  bit  rates  and/or  on  high 
frequency  carriers  is  a  key  issue. 

One  way  to  reach  this  goal  is  to  study  and  develop  ballistic  devices  working  at  room 
temperature.  In  such  a  device,  when  the  active  area  is  smaller  than  the  electronic  mean  free 
path,  electrons  are  quite  not  scattered  and  are  only  diffused  by  walls  of  the  device.  The 
electronic  transport  becomes  ballistic  and  leads  to  attractive  behaviour.  In  T-branch  junctions, 
due  to  ballistic  transport  of  electron,  electrical  potential  Vout  in  the  central  branch  of  the  YBJ 
follow  a  negative  parabolic  shape,  when  fixing  the  two  other  branches  potential,  one  to  +V 
and  the  other  one  to  -V  (Push-Pull  Mode) .  These  were  demonstrated  by  different  ways  [1-2], 
and  also  by  experimental  results  at  room  temperature  [3-4], 

In  this  paper,  we  present  semi-classical  2D  Monte  Carlo  simulation  on  Y-branch 
junctions  (figure  1).  Influence  of  the  angle  9  on  DC-characteristics  has  been  studied.  Our 
simulated  devices  are  based  on  GalnAs/AlInAs  heterostructure  (figure  2).  GalnAs/AlInAs 
heterostructure  presents  advantages  of  technological  compatibility  with  HEMTs  and  good 
transport  properties  of  the  InGaAs  channel  at  room  temperature.  We  fixed  an  Indium  content 
of  70%  in  the  GalnAs  channel  to  obtain  higher  electron  mobility.  As  mean  free  path  in  such 
materials  are  still  larger  than  100  nm  at  room  temperature  [4],  we  designed  and  simulated 
devices  whose  active  area  size  is  below  100  nm.  Length  of  different  branches  is  40nm.  Width 
is  20nm.  So  we  assume  that  electronic  transport  is  ballistic. 

In  figure  3,  potential  Vout  of  central  branch  is  represented  versus  potential  V  (+V  on  bottom 
branch  and  -V  on  top  branch).  First,  for  angle  9  =  180°,  which  corresponds  to  T-branch 
junction,  a  parabolic  shape  is  obtained.  This  is  in  good  agreement  with  previous  published 
works  [1],  and  is  related  to  space  charge  effect.  For  lower  angle  9,  parabolic  shape  is  more 
pronounced.  This  behaviour  is  attributed  to  a  larger  injection  of  carrier  in  the  central  branch, 
which  involves  a  higher  potential  Vout. 

This  work  is  supported  by  the  European  Commission  through  the  NANOTERA  project  IST- 
2001-32517  in  collaboration  with  the  IEMN(Lille, France),  the  University  of 
Salamanca(Spain)  and  the  University  of  Louvain(Belgium). 
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Figure  1:  Representation  of  the  simulated  Y-Branch  Junction)  YBJ) 
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Figure  2:  Simulated  GalnAs/AllnAs  Heterostructure 
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Figure  3:  Electric  potential  at  the  bottom  of  the  central  branch  (open  circuited)  of  the  YBJ 
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We  present  a  state-of-the-art  first-principles  analysis  of  electronic  transport  in  a  Pt 
nanocontact  in  the  presence  of  H?,  which  has  been  recently  reported  by  Smit  et  al.  in 
Nature  419,  906  (2002).  Our  results  indicate  that  at  the  last  stages  of  the  breaking  of  the 
Pt  nanocontact  two  basic  forms  of  bridge  involving  H  can  appear.  Our  claim  is,  in 
contrast  to  Smit  et  al'  s,  that  the  main  conductance  histogram  peak  is  not  due  to 
molecular  H2,  but  to  a  complex  Pt2H2  where  the  H2  molecule  dissociates.  A  first- 
principles  vibrational  analysis  that  compares  favorably  with  the  experimental  one  also 
support  our  claim. 
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CORRELATION  BETWEEN  THE  GIANT  MAGNETORESISTANCE 
AND  THE  MICROSTRUCTURE  IN  CoCu  GRANULAR  ALLOYS 

A.  Garcia  Prieto.  M.L.  Fdez-Gubieda 

Departamento  de  Electricidad  y  Electronica.  Universidad  del  Pai's  Vasco  (UPV/EHU). 
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The  giant  magnetoresistance  (GMR)  effect  is  a  huge  decrease  of  the  electrical  resistance  when 
a  magnetic  field  is  applied.  This  phenomenon  was  first  discovered  in  multilayered  systems  [1] 
but  recently  it  has  been  observed  that  also  granular  materials  composed  of  magnetic  clusters 
embedded  in  a  non-magnetic  metallic  matrix  present  GMR  [2,3].  The  origin  of  the  GMR  is  the 
same  in  both  types  of  systems:  the  spin-dependent  scattering  of  the  conducting  electrons  at  the 
interfaces  of  the  magnetic  clusters/layers  and,  to  a  lesser  extent,  inside  them.  This  way,  the 
GMR  is  closely  related  to  the  microstructure  of  the  samples. 

We  have  studied  CojCuioo-*  (*=5,10,15,20)  melt-spun  granular  alloys  in  the  form  of  long 
ribbons  in  the  as-quenched  state  and  annealed  between  400  and  650°C.  Our  aim  was  to 
correlate  the  microstructural  changes  due  to  the  thermal  treatment  with  the  GMR  response, 
which  increases  from  the  as-quenched  state  to  the  annealed  at  450°C  and  then  drops  abruptly 
up  to  the  end  of  the  thermal  treatment  independently  of  the  composition  x.  However,  a 
microstructural  study  of  systems  composed  of  such  small  clusters  is  complex  and  we  have 
needed  several  techniques  in  order  to  obtain  a  complete  pattern  of  the  microstructure  at  each 
stage  of  the  annealing.  It  is  also  noticeable  that  the  microstructural  evolution  due  to  the 
annealing  is  systematically  reproduced  for  the  four  compositions  (*=5,10,15,20)  studied. 

First  of  all,  room  temperature  X-ray  diffraction  (XRD)  experiments  performed  at  the  ESRF 
synchrotron  (Grenoble,  France)  detect  a  Cu  rich  fee  phase  and,  in  *=10,  15  and  20  samples, 
the  fraction  of  the  Co  atoms  which  are  arranged  in  a  Co-rich  fee  phase  of  20-40  nm  size. 
When  increasing  the  annealing  temperature,  the  lattice  parameters  of  each  phase  evolve 
towards  the  Cu  and  the  Co  bulk  values,  respectively,  evidencing  the  onset  of  a  segregation 
process. 

Secondly,  we  have  obtained  very  important  microstructural  information  from  the  analysis  of 
the  room  temperature  hysteresis  loops  of  all  the  samples.  From  this  analysis  we  have 
identified  three  different  Co  arrangements,  each  one  with  a  different  magnetic  response:  Co 
superparamagnetic  nanoclusters,  a  Co-rich  ferromagnetic  phase,  which  is  the  one  previously 
detected  by  XRD,  and  Co  atoms  diluted  into  the  Cu  matrix  with  no  magnetic  contribution. 
Recent  small  angle  neutron  scattering  (SANS)  experiments  have  also  verified  the  existence  of 
these  Co  nanoclusters,  responsible  of  the  GMR  response. 

Finally,  by  means  of  the  extended  x-ray  absorption  fine  structure  spectroscopic  technique 
(EXAFS)  performed  on  the  Co  K  edge,  we  have  analyzed  the  local  configuration  of  the  Co 
atoms,  in  particular,  at  the  interfaces  between  the  magnetic  nanoclusters  and  the  Cu  matrix. 

Complementing  all  this  information  we  have  deduced  the  main  consequences  of  the  thermal 
annealing  on  the  microstructure  of  the  CoCu  samples  and  related  these  structural  changes  to 
the  GMR  evolution.  We  conclude  that  the  conditions  for  optimum  GMR  are  highly 
concentrated  small  magnetic  clusters  delimited  by  well-defined  interfaces. 
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NOVEL  SIMULATION  TECHNIQUE  TO  ACCELERATE  THE 
THERMAL  MAGNETISATION  REVERSAL  CALCULATIONS  IN 

MAGNETIC  SYSTEMS 
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One  of  the  major  limitations  of  the  current  magnetic  recording  media  is  the 
superparamagnetic  effect^.  In  the  race  to  increase  the  magnetic  recording  density  the 
grain  size  of  the  nanostructured  materials  has  become  so  small  (below  10  nm)  that  the 
magnetisation  state  will  soon  be  unstable  versus  the  thermal  fluctuations.  The  use  of  the 
numerical  techniques  is  one  of  the  major  tools  which  could  be  useful  to  predict  the 
thermal  stability  of  recorded  information  and,  therefore,  contribute  to  the  search  of  novel 
thermally  stable  materials  and  optimise  the  existed  ones.  The  main  difficulty  in  such 
calculations  is  related  to  the  complexity  of  the  magnetic  recording  media.  One  of  the  main 
problems  is  that  the  media  properties  are  normally  distributed  which  leads  to  the  thermal 
magnetizations  decay  ranging  in  time  from  picoseconds  to  years.  No  numerical 
techniques  could  possibly  calculate  such  a  decay  in  a  full  manner.  At  small  time  scale 
(less  than  ns)  the  molecular  dynamics  technique  (the  integration  of  the  Landau-Lifshitz- 
Gilbert  (LLG)  dynamical  equation  with  random  term  representing  thermal  fluctuations)  is 
normally  plausible.  At  larger  time  scale  (statistical  regime)  the  kinetic  Monte  Carlo-based 
methods  are  used.  This  method  involves  expensive  calculations  of  energy  barriers  and  has 
many  other  limitations  proper  to  the  Transition  State  Theory  approximation  . 

For  intermediate  time  scale  (say,  up  to  seconds)  we  have  been  working  on  the  possibility 
to  accelerate  the  calculations  taking  into  account  the  dynamical  information.  Recently  3), 
we  have  reported  the  so-called  Monte  Carlo  technique  with  quantified  time  step. 
Although,  the  acceleration  of  the  calculations  was  significant,  we  have  found  that  the 
Metropolis  Monte  Carlo  techniques  only  correctly  describe  the  information  in  the  so- 
called  thermal  regime  when  the  influence  of  the  magnetisation  precession  is  small.  Here 
we  report  the  usage  of  the  Voter4)  method  which  was  recently  proposed  in  chemical 
physics  and  which  is  also  called  “Hyperdynamics  of  the  infrequent  events”.  The  method 
consists  in  modification  of  the  magnetic  potential  so  that  the  transition  state  remains 
unchanged. 


AVb  =  a0(8i)(si)2,  where  Ci  is  the  lowest  eigenvalue  of  the  Hessian  H. 

The  main  concern  in  the  application  to  magnetic  systems  was  the  presence  of  precessional 
effects.  However,  we  have  found  that  the  method  correctly  describes  the  mean  first 
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passage  time  for  magnetization  reversal  of  nanoparticles  even  in  the  case  of  small 
damping  (precessional  case)  (Fig  1). 


Fig.  1.  Switching  time  (measured  in  precessional 
period)  of  independent  magnetic  particles  as  a  function 
of  the  thermal  barrier  (KV/kT,  where  K  is  the  anisotropy 
constant,  V  is  the  volume  k  is  the  Boltzman  constant  and 
T  is  the  temperature)  calculated  for  different  values  of 
the  extra  potential  a,  as  well  as  LLG  calculation  for  the 
same  system 


Fig.  2.  Ratio  of  the  steps  needed  by  the  panicle  to 
escape  in  the  new  method  as  compared  to  the  dynamical 
calculations.  It  represents  a  way  to  quantify  the 
acceleration  of  the  method. 


The  results  of  Fig.  1  and  Fig.  2  are  for  the  simplest  added  potential  and  shows 
accelerations  up  to  15  and  increasing  acceleration  with  higher  barrier  energy  over  thermal 
energy  ratio  (KV/kT). 

The  possible  applications  of  the  method  are  also  related  to  fast  thermal  switching  of  small 
(nanoscale)  magnetisation  devices,  such  as  magnetic  memories,  sensors  and  MEMS  in 
nanosecond  to  second  time  scale.  It  could  be  also  useful  in  other  applications,  apart  from 
magnetic  systems,  where  the  dynamical  information  over  very  large  time  scale  is 
necessary. 
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OPTIMIZED  BASIS  SETS  FOR  THE  PARAMAGNETIC,  MAGNETIC 
AND  HELICOID AL  PHASES  OF  IRON 
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We  present  results  of  a  thorough  theoretical  study  of  the  different  christallographic  phases  of 
Iron.  We  employ  an  specific  implementation  of  Density  Functional  Theory  based  on  the  use 
of  pseudopotentials  and  localized  wave  functions  to  treat  core  and  valence  electrons 
respectively.  We  have  looked  for,  and  found,  an  optimal  basis  set  using  a  variational 
approach.  We  have  then  thoroughly  tested  its  transferability  among  the  different  phases  of 
Iron.  We  have  also  checked  for  the  accuracy  and  convergence  of  the  results.  Finally,  we  have 
implemented  the  ability  to  compute  helicoidal  arrangements  of  spins  and  tested  it  for  the  g 
phase  of  Iron. 

Magnetism  in  Iron  has  shaped  somehow  the  practical  development  of  Density  Functional 
Theory  (DFT).  Transition  metals  and  intermetallic  compounds  are  significantly  tougher  to 
simulate  semiconductors  or  noble  metals.  And  among  metals  in  the  3d  series,  those  whose 
ground  state  is  magnetic  are  more  difficult  to  handle  than,  say  Ruthenium  or  Tin.  The  need  to 
correctly  reproduce  the  ground  state  of  Iron  prompted  in  a  way  the  further  development  of  the 
Generalized  Gradient  Approximation  (GGA)  since  the  Local  Density  Approximation  (LDA) 
incorrectly  predicted  a  paramagnetic  fee  ground  statefl].  Likewise,  Partial  Core  Corrections 
were  introduced  to  improve  the  accuracy  of  pseudopotential  based  DFT  calculations  for  Iron, 
where  core  and  valence  electron  densities  strongly  overlap. 

While  bcc  (a-)Iron  is  firmly  stablished  to  be  a  ferromagnet,  the  scenario  for  fee  (g-)Iron  is 
more  complex,  since  it  stands  at  a  crossing  point  between  high  spin  ferromagnetic  and 
antiferromagnetic  states,  and  the  actual  realization  depends  sensitively  on  the  atomic  volume. 

Thin  films  of  Iron  deposited  onto  a  Cu  substrate  crystalize  in  the  fee  structure  up  to  11 
monolayes  with  bcc  inclusions  in  the  form  of  stripes  and  needles.  The  spins  arrange 
themselves  ferromagnetically  for  thicknesses  of  up  to  4  monolayers,  and  then  display 
antiferromagnetic  ordering  up  to  1 1  monolayers.  Moreover,  Tsunoda  discovered  a  decade  ago 
that  g-Iron  could  be  stabilized  as  pellets  of  radii  up  to  100  nm,  with  a  lattice  constant  of  3.577 
A.  [2,3]  He  also  found  that  the  magnetic  structure  of  the  pellets  was  helicoidal,  with  pitch 
vector  q  =  (1,  0,  0.12). 

A  number  of  authors  have  looked  for  the  theoretical  low  energy  states  appearing  in  such  g- 
phase.  There  appear  four  of  them,  namely:  paramagnetic  (P),  high  spin  ferromagnetic  (FHS), 
low  spin  ferromagnetic  (LSF)  and  antiferromagnetic  (A).  Within  LDA  all  states  are 
degenerate:  they  have  the  same  equilibrium  lattice  constant  (3.39  A)  and  the  same  binding 
energy.  GGA  splits  such  degeneracy  leaving  a  ground  state  either  antiferromagnetic  at  a 
lattice  constant  ~  3.50  -  3.55  or  high  spin  ferromagnetic  with  a  ~  3.63  -  3.70,  depending  on 
author  [4,5,6]. 
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DFT  has  been  developed  to  tackle  non  collinear  structures.  Since  then,  a  number  of  articles 
have  appeared  in  the  literature  trying  to  explain  the  helicoidal  structure  of  g-Iron  with  partial 
success.  All  of  them  plot  the  total  energy  versus  pitch  vector  for  given  lattice  constant,  for  a 
range  of  lattice  constants.  The  first  studies,  which  used  both  the  LDA  and  the  Atomic  Sphere 
Approximations  (ASA)[7]  found  minima  at  pitch  vectors  ql  =  (0,  0,  0.6)  and  q2  =  (0.5  ,0,  1), 
with  the  minimum  corresponding  to  ql  being  always  lowest  in  energy  for  lattice  constants  a  in 
the  range  3.57  -  3.63  A.  Korling  and  Ergon  used  an  adapted  collinear  GGA  approximation 
together  with  ASA  to  study  the  range  of  lattice  constants  3.60  -  3.65  A[4],  They  found  minima 
in  the  energy  for  the  same  pitch  vectors,  but  in  their  case  the  state  corresponding  to  q2  was 
more  stable.  Kleinman  and  Bylander  used  a  full  potential  implementation  together  with  LDA 
and  looked  at  a  lattice  constant  3.61,  again  larger  than  the  experimental  one[8,9].  They  failed 
to  find  an  absolute  minimum  at  pitch  vector  q  =  (0.1,  0,  1)  and  concluded  that  a  full  and 
thorough  computation  of  the  non-collinear  GGA  exchange  and  correlation  potential  was 
needed  to  truly  solve  the  problem.  Finally,  Knopfle  and  co-workers,  which  also  used  GGA  or 
LDA  and  a  full  potential  implementation  of  DFT[6]  found  an  antiferromagnetic  ground  state 
at  a  lattice  constant  a  ~  3.54  A.  They  nevertheless  noticed  that  for  slightly  higher  lattice 
constants  -including  the  experimental  value,  the  energy  had  a  minimum  at  the  experimental 
pitch  vector.  They  concluded  that  either  the  full  shape  of  the  potential  or  the  intraatomic  non- 
collinearity  of  the  spins  were  quintaessential  to  obtain  the  right  pitch  vector. 

SIESTA  is  one  of  the  newest  Ab-initio  electronic  structure  and  molecular  dynamics 
simulation  packages[10].  It  uses  Norm-Conserving  pseudopotentials  to  treat  core-electrons 
and  bases  made  up  of  atomic-like  wave  functions  to  handle  valence  electrons.  Such  approach 
is  very  similar  in  spirit  to  the  venerable  phenomenological  tight-binding  scheme.  SIESTA  is 
therefore  a  promising  starting  point  to  tackle  materials  with  medium  to  strong  correlations, 
such  as  transition  metal  magnets  and  oxides.  Bulk  Iron  then  is  a  good  choice  to  test  the  current 
strengths  an  weakenesses  of  the  package. 

The  SIESTA  package  has  built  into  it  the  possibility  to  cope  with  non-collinear  commensurate 
spin  structures  but  only  in  the  LDA  approximation.  Since  LDA  fails  to  provide  adequate 
ground  state  and  lattice  constants  for  magnetic  transition  metals  such  as  Iron,  the 
implementation  of  non-collinearity  plus  GGA  is  highly  desirable,  even  though  very  few 
packages  seem  to  have  it.  We  have  undertaken  such  a  task.  Moreover,  we  have  also 
implemented  the  ability  to  compute  equilibrium  properties  and  the  conductance  of  systems 
with  spiral  arrangements  of  spin.  We  have  used  Iron  to  test  both  our  implementation  and  the 
current  suitability  of  SIESTA  to  handle  moderately  correlated  magnetic  systems. 
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The  proposed  relationship  [1]  between  tensile  strain  and  chemical  reactivity  is  demonstrated 
for  the  First  few  monolayers  of  Cu  deposited  on  Ru(0001)  by  tunnelling  spectroscopy  and 
microscopy.  Strain  and  reactivity  are  linked  through  the  population  of  the  surface  electronic 
states.  The  layer  by  layer  relaxation  [2]  of  the  5.5%  in-plane  lattice  mismatch  changes  the 
lateral  lattice  parameter  of  the  Cu  film.  Simultaneously,  the  surface  state,  which  is  above  the 
Fermi  level  for  the  pseudomorfic  monolayer  shifts  down  in  energy  with  increasing  thickness 
until  it  becomes  the  occupied  surface  state  of  Cu  (1 1 1). 

Ab-initio  calculations  reveal  that  this  energy  shift  can  be  assigned  to  the  decreasing  tensile 
strain  of  the  deposited  film.  The  reactivity  of  the  surface  correlates  with  the  population  of  this 
state.  On  a  1  ML  Cu  film,  where  the  state  is  depopulated,  the  sticking  coefficient  of  oxygen  is 
three  orders  of  magnitude  larger  than  on  Cu  (1 1 1).  The  reactivity  is  strongly  reduced  between 
2  and  3  layers  when  the  surface  state  becomes  occupied.  These  results  suggest  that  surface 
stress  (compressive  or  tensile)  in  films  can  be  used  to  tailor  chemical  reactivity. 
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MOLECULAR  WIRES  ON  METAL  SURFACE 
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We  have  performed  scanning  tunneling  microscopy  and  spectroscopy  (STM/STS)  operating  at 
5K  in  UHV  on  a  synthetic  molecule  (“Lander”  molecule,  Fig.  1)  on  Cu(100),  Ag(lll), 
Cu3Au(100)  and  Cu(  1 1 1 )  surfaces  to  characterize  its  structural  and  electronic  properties. 

Three  molecular  conformations  (parallel-legs,  crossed-legs)  are  identified  from  the  acquired 
STM  image  of  Lander  molecules  adsorbed  on  terraces  of  Cu(100)  (Fig.2).  When  the  molecule 
adsorbs  at  the  edge  of  a  substrate  step,  from  comparison  of  calculated  STM  images  via  the 
elastic  scattering  quantum  chemistry  (ESQC)  technique  with  experimental  data,  we  conclude 
that  the  molecule  adsorbs  with  the  wire  parallel  to  the  step,  two  legs  remain  on  the  upper 
terrace  and  the  two  other  legs  adsorb  on  the  lower  terrace,  which  will  prevent  a  good 
electronic  coupling  between  the  wire  and  the  substrate  (Fig.  3). 

Tunneling  spectroscopy  of  single  molecules  adsorbed  on  different  metal  surfaces  reveals  a 
substrate  dependent  molecular  gap.  (Fig. 4)  The  spatially  resolved  spectra  over  five  different 
parts  (A-E  in  Fig.  5)  of  Lander  molecule  show  little  spatial  dependency  over  the  Lander. 
Finally  we  report  that  the  Lander  form  a  straight  molecular  wires  on  Cu(ll  1)  surface  (Fig.  6). 
The  length  of  the  wire  is  approximately  25-35  nm. 
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Fig.  2  Three  conformations  of  Lander  on  terrace 
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Fig.  3  Lander  on  edge  of  substrate  step 
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Fig.  4  STS  of  Lander  on  different  metal  surfaces 
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Fig.  5  Spatially  resolved  spectra  over  Lander  molecule 
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Fig.  6  Lander  molecular  wire  on  Cu(l  11) 
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FeFETs  are  considered  as  highly  integrable  and  non-volatile  memory  devices.  In  addition, 
contrary  to  common  FeRAMs,  the  data  read-out  scheme  is  non-destructive.  Therefore 
considerable  efforts  over  the  last  decades  have  been  performed  to  transfer  FeFETs  from  a 
research  subject  to  applications.  Although  the  features  of  FeFETs  are  very  attractive,  serious 
interface  problems  between  Si  and  the  ferroelectric  material  (interdiffusion,  high  trap  density 
etc. )  are  still  considered  as  an  insurmountable  barrier.  Using  a  dielectric  buffer  layer  between 
Si  and  the  ferroelectric  material  could  solve  some  of  these  problems.  SrTi03  is  suggested  to 
be  one  of  the  most  promising  materials. 

Due  to  the  recent  advent  of  high  quality  interface  of  MBE  grown  SrTi03  on  Si  with 
suppressed  SiC>2  interface  layer  and  low  trap  densities,  our  attempts  focus  on  the  development 
of  a  FeFET  based  on  this  sophisticated  deposition  technique. 

Structural  and  electrical  properties  of  these  MBE  grown  SrTi03  films  will  be  presented.  We 
used  a  (100)  oriented  silicon  substrate  and  deposited  10  to  30  nm  SrTi03  [1].  The  excellent 
epitaxial  STO  films  are  grown  in  a  (001)  orientation.  Rocking  curves  with  less  than  0.9  deg 
FWHM  have  been  measured  (Fig.  1).  HRTEM  pictures  show  an  atomically  abrupt  interface 
with  a  volume  expansion  of  one  or  two  atomic  layers  (Fig.2).  From  RBS  measurements  we 
calculated  the  stoichiometry  and  found  in  some  samples  an  oxygen  stoichiometry  less  than 
03. 

In  addition  we  studied  the  electrical  properties  of  these  SrTi03  films  using  MIS  capacitors 
with  platinum  top  electrodes.  We  focus  on  leakage  current  and  capacitance  measurements. 
(Fig.  3).  To  receive  the  local  current  distribution  an  AFM  in  contact  mode  has  been  used. 

We  also  present  first  measurements  on  MFIS  Diodes  where  PbZrxTi|.x03  (PZT)  is  served  as 
a  ferroelectric  material.  The  200nm  thin  ferroelectric  layer  was  deposited  by  high  pressure 
oxygen  sputter  technique  at  3mbar  oxygen  at  645°C.  The  capacitance  of  this  MFIS  structure 
shows  a  memory  window  which  is  due  to  the  polarisation  of  the  ferroelectric  layer.  It  has  a 
magnitude  of  the  order  of  2  V  (Fig.  4). 
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Figure  1:  XR.D  pattern  of  a  SrTiOj  thin  film  deposited 
on  Si  (100) 
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Figure  3: 1-V  plots  of  a  Pt/STO/Si  MIS  structure  at  different 
temperatures. 


Figure  2:  HRTEM  picture  of  a  SrTiOj  - 
silicon  interface 
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Figure  4:  C-V  curve  of  a  Pt/PZT/STO/Si  MF1S  diode  at 
f=lkHz. 
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Photonic  band  structure  of  a  Rayleigh  Crystal 
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The  optical  properties  of  Photonic  Crystals  are  being  studied  for  application  to  photonic 
devices  and  band-gap  materials,  with  the  aim  of  controlling  the  flow  of  light.  The  periodicity 
in  materials  of  this  type  induces  an  optical  band  structure  quite  analogous  to  the  band 
structure  in  semiconductors,  even  more,  their  band  structure,  density  of  states,  defects  and 
wave  localization  properties  promise  new  tools  for  the  design  of  materials  with  specified 
optical  properties. 

For  frequencies  far  away  from  any  resonance,  the  light  propagation  through  a  photonic 
crystal  can  be  treated  within  a  very  general  scattering  framework.  The  method  we  present 
here  allows  to  calculate  the  electromagnetic  properties  of  regular  arrays  of  dielectric  cylin¬ 
ders,  based  only  in  general  quantities  to  describe  the  wave  scattering.  These  quantities  are 
the  scattering  amplitude  and  the  Green  function  of  the  system. 

We  restrict  ourselves  to  the  Rayleigh  ( “small- radius” )  regime,  where  the  problem  allows 
a  semi-analytic  treatment.  We  will  demonstrate  that,  despite  the  approximations  involved, 
the  method  we  describe  here  is  very  powerful  and  accurate  and  can  be  used  to  describe 
complex  phenomena  in  photonic  crystals. 
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radius  (in  units  of  the  lattice  constant)  r/o=0.05  (left)  and  r/a=0.1  (right).  Continuous  lines  are 
the  results  of  the  method  presented  here  and  dashed  lines  are  the  result  of  a  multigrid  technique 
depicted  for  comparison.  These  plots  show  that  the  method  is  exact  for  moderate  radii  and  slightly 
deviates  when  bands  well  above  the  first  bandgap  are  considered. 
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PROBING  THE  ELECTROMECHANICAL  PROPERTIES  OF 
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The  transport  properties  of  carbon  nanotubes  [1],  has  been  a  Field  of  intensive  research 
in  the  last  years.  At  first  sight  single  walled  carbon  nanotubes  (SWNTs)  should  exhibit  a 
quantum  conductance  of  2Go  being  Go=2e2/h.  However,  this  theoretical  limit  is  in  many 
cases  difficult  to  reach  due  to  problems  with  the  metal  contacts.  Theoretical  works  have 
been  also  published  in  an  attempt  to  understand  the  influence  of  the  metal  contacts  in 
the  conductance  of  the  system  [2].  However,  few  experiments  have  been  carried  out  to 
determine  the  properties  of  the  metal-molecule  contacts  as  a  function  of  the  mechanical 
load. 

In  this  work  we  present  an  experimental  study  of  the  electrical  conductance  of  single 
walled  carbon  nanotubes  as  a  function  of  the  loading  force  and  bias  voltage  applied  by 
an  atomic  force  microscope  tip  used  as  one  electrode.  As  the  force  applied  to  the 
nanocontact  is  increased  we  observe  first,  an  increment  of  the  conductance  due  to  the 
contact  formation  and  second,  an  irreversible  drop  of  the  conductance  at  high  loading 
forces  due  to  the  molecule  deformation,  as  expected  from  previous  theoretical  works[3]. 
The  differential  conductance  at  high  bias,  that  is  blocked  along  the  molecule  due  to 
electron-phonon  interaction,  remains  constant  during  all  this  process.  Using  a  simple 
mechanical  model  we  estimate  the  strain  necessary  to  introduce  changes  in  the  electrical 
transport  characteristics  of  the  molecule.  We  suggest  this  technique  as  a  possible  way  to 
tailor  the  conductivity  of  a  circuit  based  on  single  walled  carbon  nanotubes. 
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Figure: 

a)  Differential  conductance  G(V,  Z)  (colour  scale  on  the  right)  plotted  as  a  function  of 
the  bias  voltage  (horizontal  axis)  and  the  Z  piezoelectric  displacement  (vertical  axis). 
The  bias  range  was  LJ2.5  V  and  the  total  Z  piezoelectric  displacement  is  70  nm,  starting 
from  the  feedback  position.  The  inset  is  a  topographic  image  of  the  1.5  nm  diameter 
nanotube  where  the  experiment  was  performed,  connected  to  a  macroscopic  gold 
electrode  (image  size  1.2x1. 2pm2 ).  b)Differential  conductance  as  a  function  of  the  tip- 
SWNT  bias  voltage.  The  curves  1,  2,  and  3  are  obtained  along  the  horizontal  lines 
drawn  in  fig.  a.  c)  Conductance  as  a  function  of  the  Z  piezoelectric  displacement.  The 
curves  (i)  and  (ii)  have  been  obtained  along  the  vertical  lines  drawn  in  fig  a.  In  this 
figure  the  dependence  of  the  normal  force  is  also  plotted  (black  curve). 
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COULOMB-BLOCKADE  AND  SPIN-DEPENDENT  TUNNELING  IN 

COBALT  NANOPARTICLES 
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We  report  on  the  observation  of  the  Coulomb  blockade  at  room  temperature  in  cobalt 
nanoparticles,  with  sizes  ranging  between  2  and  5  nm.  The  Co  particle-arrays  are  contacted 
via  in-plane  point  contacts.  The  sharp  point  contacts  have  a  separation  between  10  and  70  nm. 
Prior  to  the  deposition  of  the  Co  particles,  we  evaporate  a  thin  1-3  nm  thick  layer  of  A10x  on 
the  gap  structures.  The  particles  are  then  grown  on  the  A10x  layer  at  temperatures  between 
300  K  and  350  K.  The  electrical  measurements  are  done  inside  the  UHV  apparatus,  where  all 
the  evaporation  steps  are  done.  Magnetoresistance  measurement  loops  with  an  in-situ  elektro- 
magnet  show  magnetoresistance  values  of  a  few  percentages  on  such  samples  at  77  K.  The  Co 
particles  are  superparamagnetic  at  this  temperature  as  Squid  measurements  indicate. 

H.  Graf,  J.  Vancea  and  H.  Hoffmann,  Appl.  Phys.  Lett.  80,  1264  (2002). 
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STACKED  LAYERS  OF  InGaAs  QUANTUM  RINGS  FOR  980nm 

LASERS 
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Self-assembled  semiconductor  quantum  dots  (QDs)  formed  by  lattice- 
mismatched  heteroepitaxy  are  considered  a  promising  system  for  various  developing 
optoelectronic  technologies  and  devices.  A  precise  control  over  QDs  height,  width  and 
shape  is  of  crucial  importance  since  these  morphological  characteristics  influence  the 
quantum  confinement  of  the  charge  carriers  and  therefore  determine  their  optoelectronic 
properties.  Indium  segregation  effects  during  QD  growth  can  lead  to  changes  of  shape 
and  composition  [1],  influencing  the  energy  levels  of  the  confined  states.  A  precise 
understanding  of  these  processes  can  be  used  to  control  the  size  and  the  shape  of  QD  [1] 
for  tailoring  the  emission  wavelength  of  final  devices.  In  particular,  a  powerful 
technique  to  obtain  self  assembled  quantum  rings  [2,3]]  (QR)  is  based  on  the 
morphological  changes  of  QDs  grown  by  molecular  beam  epitaxy  (MBE)  which  are 
partially  capped  with  a  thin  GaAs  layer  [l].In  this  way  is  possible  to  obtain  from  each 
QD  a  “nanovolcano”  or  quantum  ring. 


Fig.l.  AFM  images  (1000x1000  nm)of  a  layer  of  self  assembled  InGaAs  Quantum  Rings  (a)  on 
GaAs(001),  (b)top  layer  of  three  stacked  rings  spaced  6nm,  and  the  profile  of  the  marked  ring  from  the 
single  layer  (c)  and  the  stacked  layer  (d).  The  shape  and  dimensions  are  preserved. 

We  present  the  results  on  stacked  layers  of  QR  for  their  application  on  laser 
structures. 

The  sample  morphology  has  been  characterized  by  ex  situ  contact  mode  Atomic 
Force  Microscopy  (AFM).  Emission  characteristics  of  the  same  nanostructes  buried  in 
GaAs  are  measured  by  Photoluminescence  spectroscopy  (PL)  with  a  514.5  nm  Ar  laser 
line  and  a  0.22  m  monochromator  with  a  liquid  nitrogen  cooled  Ge  diode. 

Figure  1,  a  shows  the  quantum  rings  of  a  single  layer  sample  and  b  shows  that 
the  ring  shape  and  dimensions  are  preserved  when  QR  are  stacked  in  a  3  period  layer 
with  6  nm  spacer.  The  profiles  (figure  1,  c  and  d)  depict  a  slightly  bigger  hole. 
Moreover,  the  optical  characterization  of  capped  samples  at  low  temperature 
demonstrate  that  the  photoluminescence  emission  does  not  change  significantly  from  a 
single  layer  to  a  stacked  sample  pointing  that  the  energy  states  of  the  nanostructures  are 
not  coupled  for  6  nm  spacers  (figure  2). 
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Figure  2.  Photoluminescence  emission  at  low  T. 


Figure  3. Growth  structure  of 
the  laser  device. 


A  complete  laser  structure  (figure  3)  for  operation  at  RT  at  -980  nm  with  three 
stacked  layers  of  quantum  rings  spaced  by  6  nm  in  the  active  region  have  been  design 
and  grown.  The  devices  have  been  processed  and  characterized.  Details  on  the  design 
and  on  the  characterization  will  be  discussed. 
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Using  ab  initio  methods  applied  to  molecular  electronics  (ME),  we  investigate  structure 
and  electron  transport  properties  of  metal-molecule-metal  systems  where  sulphur- 
containing  molecules  are  connected  through  "alligator  clip"  interfaces  to  two  Au(lll) 
surfaces.  Computer  simulations  are  conducted  with  application  to  molecular  junctions 
surface  adsorption  and  metal-molecular  interfaces.  ’ 

Precise  characterisation  of  metal-molecule-metal  junctions  and  interfaces  is  of 
fundamental  importance  for  the  design  of  ME  circuits.  Currently  studied  molecular 
contacts  are  based  on  the  properties  of  aromatic  or  aliphatic  molecules  terminated  with 
chemically  protected  sulphur.  The  protection  group  is  removed  either  prior  to  or  upon 
adsorption  and  the  molecule  self  assembles  between  the  metal  electrode  surfaces  creating 
a  stable  metal-S-molecule.  Novel  technologies  enable  creation  of  metal-molecule-metal 
sandwiches.  In  a  series  of  recent  experiments,  I-V  characteristics  (IVC)  of  such  devices 

were  measured  showing  remarkable  stability  [1-3] 

We  have  chosen  sulphur,  thiol,  methylthiolate,  dithiolbenzene  (DTB)  and  oligofn- 
phenylene  vinylenes)  (OPVn),  n-3-5  with  protected  thiol  termini,  on  Au(l  1 1)  surface  as 
An  example  is  shown  in  Fig.  1.  Experimental  data  is  available  for  DTB  [1]  and 
°Py5  W  Theoretically  calculated  IVCs  for  DTB  either  use  fitting  parameters  [5]  or  fail 
to  describe  the  IVC  quantitatively  [6],  Contemporary  research  suggests  that  the  bonding 
mechanism  is  responsible  for  both  good  stability  and  enchanced  conductivity  of  the  ME 
devices.  Thorough  understanding  of  this  mechanism  is  essential  for  designing  the  new 
ME  components  with  maximum  functionality  and  for  interfacing  them  with  conventional 
circuits  The  metal-molecule  contact  interface  is  of  great  importance  and  determines  the 
order-of-magnitude  of  the  conductivity,  but  the  importance  of  the  binding  site  and  the 
sensitivity  of  IVCs  are  not  known.  In  addition  to  a  flat  surface,  we  also  consider  such 
surface  defects  as  vacancies,  that  can  promote  molecular  adsorption  at  specific  sites 

different  from  the  flat  surface  configuration.  In  addition,  possible  isomerisation  of  the 
molecules  is  considered. 

In  our  recent  work  [7],  it  was  found,  that  the  structure  of  adsorbed  molecules  depends  on 
coverage,  and  that  the  metal-molecular  interface  can  not  always  be  modelled  as  a  simple 
atomic  contact  (e.g.,  another  adsorbate  atom  could  be  close  to  the  bridging  atom).  This 
determining  the  structure  of  molecular  contacts  in  the  sandwiched  system  is  a 
„„  s.^ask'  Th5refore,  we  start  by  testing  reasonably  simple  examples,  with  special 
care  taken  to  reproduce  the  gold  surface  and  the  gold  bulk  substrate.  Ab  initio  density 
functional  methods  are  used  to  study  the  bonding  structure  of  molecular  alligator  clips 
Dependence  of  the  results  on  coverage  is  studied.  Calculation  of  the  transport  properties 
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[4]  S.E.  Kubatkin,  A.  Danilov,  M.  Hjort,  J.  Cornil,  J.-L.  Bredas,  N.  Stuhr-Hansen,  and  I 
Bjornholm,  Single  electron  transport  through  a  single  molecule  in  nine  different  redox 
states  submitted  to  Nanture  (2003).  (See  also  TNT02) 
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cnaractenstic  (IVC).  QPV3  is  adsorbed  at  the  hollow  Au  site  in  both  electrodes. 
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COMPARISON  BETWEEN  TWO  MANUFACTURING 
PROCESSES  OF  NANOCOMPOSITES  COMPOSED  OF  EPOXY 
MATRIX  REINFORCED  WITH  CARBON  NANOTUBES. 
MICROSTRUCTURE  AND  PROPERTIES 

R.  Guzman  de  Villoria.  A.  Miravete 

Departamento  de  Ingenieria  Mecanica,  Universidad  de  Zaragoza,  Espana 
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Carbon  nanotubes  present  excellent  mechanical  properties,  and  are  therefore  potentially 
a  perfect  reinforcement  for  a  polymer  matrix.  Because  their  size  is  in  the  order  of 
nanometers,  it  is  however  very  difficult  to  get  a  homogeneus  dispersion  in  the  matrix, 
which  is  essential  for  fabrication  of  nanocomposites.  Another  difficulty  is  achieving 
good  adhesion  between  the  nanotubes  and  the  matrix.  This  paper  shows  the  results  of 
two  different  methods  to  fabricate  single  walled  and  multiwalled  nanocomposites 
embedded  in  an  epoxy  matrix:  the  mechanical  mixing  method  and  the  acid  treatment 
method.  The  manufacturing  methods  are  compared  on  the  basis  of  dispersion,  adhesion 
and  mechanical  properties.  The  comparison  shows  substantially  better  results  for  the 
acid  treatment  method. 

Figures: 


Micrographs  of  two  nanocomposites  reinforced  with  single  walled  nanotubes  (SWNT). 
The  micrograph  on  the  left  is  manufactured  with  the  mechanical  mixture  method  and 
the  right  one  with  the  acid  treatment  method. 
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Carbon  nanotubes  have  excellent  mechanical  properties  [1][2],  therefore  they  constitute 
a  potentially  perfect  reinforcement  for  a  polymer  matrix.  Due  to  their  nanometric  size,  it 
is  however  very  difficult  to  get  a  homogeneous  dispersion  in  the  matrix,  which  is 
essential  for  fabrication  of  nanocomposites.  Another  challenge  is  to  achieve  good 
adhesion  between  the  nanotubes  and  the  matrix.  This  poster  shows  a  scheme  of  two 
different  methods  to  fabricate  single  walled  and  multiwalled  nanocomposites  embedded 
in  an  epoxy  matrix:  the  mechanical  mixing  method  and  the  acid  treatment  method 

(fig-D- 

These  materials  are  characterized  through  scanning  electron  microscopy  (SEM)  and 
mechanical  testing.  The  micrographs  and  the  differences  between  the  two  methods  can 
be  observed  in  the  poster  (fig.2).  Tensile  modulus  and  tensile  strength  of  the  different 
standard  specimens  are  obtained  too.  Finally,  the  manufacturing  methods  are  compared 
on  the  basis  of  dispersion,  adhesion  and  mechanical  properties. 

Nanocomposites  obtained  from  mechanical  mixture  method  have  worse  mechanical 
properties  than  non-reinforced  matrix  and  have  deficient  dispersion  and  adhesion  of 
nanotubes.  Microvoids  and  local  stress  concentrators  may  occur. 

However,  acid  treatment  method  improves  properties  of  non-reinforced  matrix. 
Dispersion  and  adhesion  of  nanotubes  are  improved  too.  Mechanical  properties  are 
better,  and  the  matrix  is  reinforced  by  the  nanotubes.  It  could  be  due  to  stress 
transmission  between  matrix/nanotube 

The  comparison  shows  substantially  better  results  for  the  acid  treatment  method. 
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Figures: 


MECHANICAL  MIXTURE  ACID  TREATMENT 

METHOD  METHOD 


Epoxy  reinforced  with  SWNT  or  MWNT  Epoxy  reinforced  with  SWNT  or  MWNT 

Fig  1 .  Scheme  of  the  two  different  methods  to  fabricate  nanocomposites 


Fig.  2.  Epoxy  matrix  and  MWNT  (  Wf  =  1%)  (Left)  and  epoxy  matrix  and  MWNT  (Wf 

=0.05  %)  (Right) 
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Nonlinear  electron  transport  in  InGaAs/InAlAs  ballistic  devices 

R  HAPKF.NS'.  T..  GENCE1,  S.  FANIEL1,  C.  GUSTIN1,  H.  BOUTRY1,  L.  BEDNARZ1, 1.  HUYNEN1, 

V.  BAYOT1,  X.  WALLART2,  S.  BOLLAERT2,  A.  CAPPY2,  J.  MATEOS3,  T.  GONZALEZ3 

1  CERMIN,  PCPM,  DICE  and  EMIC  Labs,  Universite  Catholique  de  Louvain,  Louvain-la-Neuve,  Belgium 
2  IEMN,  Cite  scientifique,  Villeneuve  d'Ascq,  France 
3  Dpto.  Fisicada  Aplicada  CJniversidad  de  Salamanca,  Salamanca,  Spain 

Recent  measurements  of  the  current-voltage  characteristics  of  ballistic  devices  with  broken 
geometrical  symmetry  revealed  unexpected  rectifying  effects  [1,2].  Theoretical  descriptions 
have  been  proposed,  based  either  on  the  hypothesis  of  coherent  transport  [3,4]  (Landauer- 
Buttiker  formalism)  or  on  semiclassical  arguments  [5]  (Monte-Carlo  simulations).  One  of  the 
purposes  of  our  work  is  to  test  experimentally  some  predictions  of  these  models. 

Here,  we  present  measurements  performed  on  two  types  of  mesoscopic  devices,  fabricated 
from  InGaAs/InAlAs  heterostructures  using  electron  beam  lithography  and  wet  etching.  The 

electron  mean  free  path  in  the  substrate  is  larger  than  1  pm  at  low  temperature,  and  the 

16  “2 

electron  density  in  the  two-dimensionnal  electron  layer  is  —  2  10  m"  . 

At  first,  we  discuss  the  current-voltage  characteristics  of  three  asymmetric  open  quantum 
dots  (QDs).  All  the  QDs  are  triangular-shaped  (Fig.  1)  and  differ  by  their  area,  ranging  from 
0.086  pm2  to  0.273  pm2.  In  a  simplified  semiclassical  picture,  electrons  entering  into  the  QD 
from  the  top  or  bottom  point  contact  have  a  slightly  different  probability  to  be  transmitted 
through  the  QD,  which  should  result  in  an  asymmetric  V(I)  curve  resembling  that  of  a 
classical  diod.  We  measure  the  differential  resistance  (dV/dl)  of  our  devices  at  temperatures 
between  0.3K  and  100  K,  as  a  function  of  a  DC  current  bias,  using  a  classical  four-contacts 
lock-in  technique.  Then,  we  integrate  these  dV/dl  curves  in  order  to  obtain  V(I).  Fig.  1  shows 
that  the  differential  resistance  is  indeed  asymmetric,  and  bear  signatures  of  both  coherent  and 
ballistic  effects.  The  effect  of  a  small  magnetic  field  is  also  investigated,  in  order  to  separate 
the  different  contributions  to  the  nonlinear  effect. 

Furthermore,  we  study  the  temperature  dependence  of  the  electron  dephasing  time  inside 
the  QDs,  using  magnetoconductance  measurements  (the  technique  is  described  in  ref.  [6]). 
Our  results  differ  from  previous  reports  in  GaAs/AlGaAs  [7]  and  InGaAs/InAlAs  QDs  [6], 
which  we  attribute  to  a  very  large  energy  level  spacing  inside  the  QDs  (due  to  a  smaller  dot 
area  and  electron  effective  mass). 

Moreover,  we  also  fabricated  a  four-terminal  cross-shaped  device  with  an  artificial 
symmetry-breaking  scatterer  located  close  to  one  of  the  leads  of  the  cross  (labeled  U,  Fig.  2). 
The  sample  design  is  based  on  a  recent  proposal  by  Fleischmann  and  Geisel  [3].  The 
measurement  configuration  is  as  follows  :  current  Isd  flows  between  channels  S  and  D,  and 
we  measure  the  voltage  Vlu  between  probes  L  and  U.  The  Vlu(Isd)  characteristic,  measured 
between  4.2K  and  130  K  exhibits  a  pronounced  nonlinear  rectifying  behaviour  (Fig.2)  at  least 
up  to  31  K.  We  compare  our  experimental  results  to  previous  measurements  [1]  and  to 
existing  models.  We  also  discuss  the  results  obtained  in  other  measurement  configurations. 

Acknowledgements  :  This  work  is  realized  in  collaboration  with  the  IEMN  and  the  University 
of  Salamanca,  in  the  frame  of  the  IST-200 1-32517  Project  Nanotera  funded  by  the  EC. 
Acknowledgements  are  also  due  to  the  FRIA  and  to  the  National  Fund  of  Scientific  Research 
(FNRS)  Belgium,  and  to  the  Special  Funds  of  Research,  UCL,  Belgium. 
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Computing  with  Locally-Interconnected  Josephson 

Circuits 
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The  continuous  miniaturization  of  electronic  components  is  meeting  many  technological  challenges  as  the  dimensions  of 
devices  enter  the  nanometer  realm.  CMOS  technology  is  anticipated  to  reach  its  physical  limit  and  cease  to  decrease  in  size 
around  2016  [1],  Besides  the  endeavor  devoted  to  the  continuous  scaling  of  CMOS,  therefore,  novel  information  processing 
devices  based  on  new  physical  phenomena  have  been  investigated  as  likely  alternatives  to  the  electronics  beyond  CMOS  [2], 
Due  to  the  characteristics,  such  as  tow  power  consumption,  low  drive  capability  and  easily  local  interactions,  parallel  computing 
architectures  that  are  highly  regular  and  locally  connected,  such  as  the  single  instruction  and  multiple  data  (SIMD)  machines 
[3]  and  cellular  nonlinear  networks  (CNNs)  [4],  have  been  proposed  as  candidate  architectures  for  large-scale  integration  of 
quantum  and  nanoelectronic  devices. 

SIMD  machines  consist  of  assemblies  of  identical,  simple  processor  elements  (PEs),  usually  associated  with  local  memories 
and  connected  to  its  nearest  neighbors  in  a  linear  or  square  array.  A  CNN  is  usually  a  two  or  three  dimensional  regular  array 
of  identical  cells  with  analog  signals  as  state  variables.  The  cells  are  locally  interconnected  and  directly  communicate  with 
each  other  through  their  nearest  neighbors.  The  SIMD  and  CNN  architectures  are  both  capable  of  high-speed  parallel  signal 
processing  and  suitable  for  implementation  in  VLSI.  Because  of  the  use  of  relatively  simple  and  regular  circuit  components 
and  their  local  connectivity,  the  SIMD  and  CNN  architectures  are  well  suited  to  the  large-scale  integration  of  quantum  and 
nanoelectronic  devices. 

SIMD  machines  and  CNNs  have  important  applications  in  image  processing  and  pattern  recognition.  The  CNN  architecture, 
when  attached  with  local  memories,  can  be  used  to  construct  a  CNN  universal  machine,  which  is  as  universal  as  a  Turing 
machine  [5].  The  potential  implementations  of  these  architectures  using  nanoelectronic  devices  have  been  investigated,  and  a 
quantum  CNN  has  been  proposed  for  the  use  of  quantum  dots  by  exploring  their  local  quantum  dynamics  and  global  interactions 
[61- 

Quantum  computing  has  been  extensively  studied  as  a  computing  paradigm  employing  quantum  mechanics  [7].  Quantum 
computers  perform  massively  parallel  processing  on  quantum  mechanical  superpositions  of  quantum  bits  or  qubits.  Microscopic 
superconducting  circuits  of  Josephson  junctions  (Fig.  1)  have  been  proposed  to  realize  qubits  [8]  [9].  The  coherent  superposition 
of  two  macroscopic  persistent-current  states  on  superconducting  Josephson  circuits  has  been  observed  [10]  and,  more  recently, 
coherent  quantum  dynamics  of  this  Josephson  flux  qubit  has  been  demonstrated  [11].  The  Josephson  circuit  has  thus  come  up 
as  a  promising  candidate  for  quantum  computing  [12].  Classical  binary  logic  (Fig.  2)  can  also  be  obtained  from  this  circuit, 
establishing  a  classical  parallel  computing  structure  [13],  A  quantum  CNN  architecture  (Fig.  3)  using  the  Josephson  circuits 
has  recently  been  proposed  [14], 

In  this  paper  we  report  our  work  on  computing  stmctures  with  locally-interconnected  superconducting  circuits  of  Josephson 
junctions;  in  particular,  the  SIMD  and  CNN  architectures,  as  well  as  quantum  computers,  using  Josephson  circuits  are  presented. 
Memory  implementations  are  also  studied  and,  furthermore,  the  possibility  to  construct  a  quantum  CNN  machine  is  evaluated. 
Some  issues  in  actual  implementation  are  discussed.  Advantages  and  disadvantages  of  these  architectures  for  the  use  of  quantum 
and  nanoelectronic  devices  are  generalized. 

This  work  is  supported  by  Delft  University  of  Technology  in  its  DIRC  (Delft  Inter-faculty  Research  Center)  program  “Novel 
Computation  Structures  based  on  Quantum  Devices.” 
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Fig.  2.  A  Classical  Inverter 


Fig.  3.  The  Quantum  CNNs  using  Josephson  Circuits 
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QUANTUM  INTERFERENCE  EFFECTS  IN  SrRu03 
FERROMAGNETIC  OXIDE 

G.  Herranz.  F.  Sanchez,  B.  Martinez  and  J.  Fontcuberta 
Institut  de  Ciencia  de  Materials  de  Barcelona,  CSIC. 

Campus  U.A.B.,  Bellaterra  08193.  Catalunya.  Spain 

M.V.  Garcia- Cuenca,  C.  Ferrater  and  M.  Varela 
Departament  de  Fisica  Aplicada  i  Optica 
Universitat  de  Barcelona 

Diagonal  647,  Barcelona  08028,  Catalunya.  Spain 

SrRu03  is  a  ferromagnetic  oxide  that  is  widely  used  as  electrode  in  technological  nanodevices, 
due  to  its  good  metallicity  and  chemical  stability.  It  is  a  4d  itinerant  ferromagnet,  whith  a 
Curie,  temperature  of  Tc  *  160  K.  The  ferromagnetism  comes  from  the  correlations  between 
electrons  that  lie  in  a  narrow  7t*-band,  formed  by  the  hybridization  of  the  4d-Ru  and  the  2p-0 
orbitals.  Strong  electronic  correlations  have  been  proofed  experimentally  either  by  specific 
heat  measurements,  low-temperature  electrical  transport  or  photoemission  spectra,  among 
others  '.  Although  it  has  been  experimentally  verifed  that  the  ground  state  is  a  Fermi  liquid,  it 
is  extremely  weak,  due  to  its  strong  sensitivity  to  disorder  and  breaks  down  at  a  very  low 
temperature  (T  ~  10  K),  further  confirming  the  relevance  of  the  correlations  between  the 
conduction  electrons 2. 

Recently  we  have  demonstrated  that,  under  specific  conditions  of  growth,  it  is  possible  to 
introduce  a  controlled  density  of  defective  regions  and,  thus,  offering  a  way  to  tune  the  mean 
free  path  of  the  carriers  3’  4.  This  has  allowed  us  to  undertake  a  comprehensive  study  of  the 
transport  properties  of  epitaxial  nanometric  SrRu03  thin  films,  with  thickness  down  to  t  ~  6 
nm. 

At  low  temperature,  for  these  nanometric  thin  films,  a  conspicuous  minima  in  the  resistivity  — 
temperature  curve  appears  at  a  temperature  Tmjn  (see  fig.  1).  It  is  observed  that  as  the 
microstructural  disorder  is  enhanced,  i.  e.,  the  residual  resistivity  po  increases,  the  minima 
appear  at  a  higher  Tmjn,  i.  e.,  the  physical  mechanism  lying  behind  these  phenomena  is 
enhanced.  We  have  experimentally  confirmed  the  non-magnetic  origin  of  the  minima.  Thus, 
the  presence  of  such  minima  in  the  p  -  T  curves  can  not  been  explained  by  the  semiclassical 
Boltzmann  description. 

We  propose  that  quantum  effects  lie  behind  the  existence  of  the  resistivity  minima.  Indeed, 
from  po  «  500  pQcm,  a  mean  free  path  of  /  ~  5  -  6  A  can  be  estimated,  which  is  comparable 
to  the  Fermi  electronic  wavelength  Xp  ~  5  A  of  the  carriers.  In  view  of  this,  one  should  expect 
that  quantum  effects  arising  from  the  interference  of  the  electronic  wave  functions  would  be 
relevant.  Indeed,  these  effects  lead  to  an  enhancement  of  the  resistivity  at  low  temperature, 
since  an  additional  contribution  to  the  scattering  of  electrons  arises  from  the  interference  of 
the  electronic  wave  functions.  As  the  temperature  increases,  the  coherence  of  the  electronic 
wave  functions  is  suppressed  by  inelastic  scattering  events,  and  the  relevance  of  the  quantum 
interference  effects  becomes  progressively  less  significant,  and  a  decrease  of  the  resistivity 
follows.  However,  at  high  enough  temperature,  these  quantum  effects  are  totally  suppressed, 
and  the  common  scattering  events  found  in  normal  metals  are  recovered.  Thus,  quantum 
corrections  to  the  electrical  transport  could  explain  the  presence  of  the  resistivity  minima. 

The  p  -  T  curves  at  low  temperature  were  fitted  according  to  a  model  for  the  conductivity 
based  on  the  expression 3 

a  =  ao  +  aTl/2  (eq.  1) 
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where  ct0  is  the  residual  conductivity  and  the  Tl/2  term  is  related  to  the  e-  -  e-  interactions 
corrected  by  quantum  interference  effects.  We  could  modify  the  mean  free  path  of  the  carriers 
by  specific  thin  film  growth  conditions,  and  a  variation  of  Tmjn  was  observed  in  the  range  5  K 
^  Tmin  <  20  K.  The  ensuing  analysis  show  that  as  the  structural  disorder  increases  the  Tl/2  term 
is  more  significant,  thus  proving  that  electron  -  electron  interactions  are  enhanced  as  the 
disorder  increases. 

The  results  shown  here  illustrate  the  extreme  sensitivity  of  the  strongly  correlated  systems  to 
disorder.  It  must  be  emphasized  that  since  /  a  Xp,  we  could  vary  the  amount  of  structural 
disorder  in  a  clean  and  homogeneous  system,  without  any  modification  of  its  chemical 
composition.  As  long  as  SrRu03  is  a  widely  used  oxide  in  the  fabrication  of  nanometric 
technological  devices,  the  findings  presented  here  may  have  a  deep  relevance  in  technological 
applications. 
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LOW  TEMPERATURE  GROWTH  OF  CARBON  NANOTUBES 
BY  PLASMA-ENHANCED  CVD 

S.  Hofmann*.  C.  Ducati,  B.  Kleinsorge,  and  J.  Robertson 
University  of  Cambridge,  UK 
E-mail:  sh315@cam.ac.uk 

Carbon  nanotubes  and  less-crystalline,  bamboo-like  structured  carbon  nanofibers  are 
nano-scale  building  blocks  for  an  increasing  number  of  possible  applications.  The 
individual  manipulation  of  these  nanostructures  is  difficult  and  expensive  due  to  their 
size.  Therefore,  thermal  chemical  vapor  deposition  (CVD)  has  gained  much  attention, 
as  it  enables  diameter-controlled,  position-selective  growth  of  carbon  nanotubes  on  a 
substrate.  We  show  that  plasma-enhanced  (PE)CVD  not  only  gives  additional  vertical 
alignment  of  as-grown  nanotubes,  but  also  enables  growth  at  significantly  lower 
temperatures.1  A  systematic  study  of  the  temperature  dependence  of  the  growth  rate 
and  the  structure  of  as-grown  nanotubes  is  presented  using  a  direct  current  plasma- 
enhanced  CVD  system  with  C2H2/NH3  and  nickel  as  the  catalyst.  Vertically  aligned 
carbon  nanotubes  were  grown  on  prepatterned  substrates  at  temperatures  as  low  as 
120°C.  The  activation  energy  for  the  growth  rate  was  found  to  be  0.23  eV,  much  less 
than  for  thermal  chemical  vapor  deposition  (1.2- 1.5  eV)(see  figure).  The  similarity  of 
this  value  to  the  activation  energy  of  surface  diffusion  of  carbon  on  nickel  (0.3  eV) 
suggests  PECVD  growth  at  low  temperatures  occurs  by  carbon  diffusion  on  the 
catalyst  surface.  The  result  could  allow  direct  growth  of  nanotubes  onto  low 
temperature  substrates  like  plastics,  and  facilitate  the  integration  in  sensitive 
nanoelectronic  devices. 
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[1]  S.  Hofmann,  C.  Ducati,  B.  Kleinsorge,  J.  Robertson,  Appl.  Phys.  Lett.  ,  to  be 
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DIELECTRIC  CHARACTERIZATION  OF  MOLECULAR 
ROTORS  AND  PADDLE  WHEELS 

Robert  D.  Horansky*.  Laura  I.  Clarke*,  Mary  Beth  Mulcahy+,  Jose  Nunez*,  Miguel 
Garcia-Garibay*  Josef  Michl+  and  John  C.  Price* 

*  Department  of  Physics,  University  of  Colorado,  Boulder,  CO  80309-0390 

+  Department  of  Chemistry  and  Biochemistry,  University  of  Colorado,  Boulder,  CO  80309- 

0215 

&  Department  of  Chemistry  and  Biochemistry,  University  of  California,  Los  Angeles,  CA 

90095-1569 

Molecular  rotors,  molecules  with  a  rotational  degree  of  freedom  about  a  single 
bond,  are  promising  elements  of  nanoscale  machinery.  Of  particular  interest  are 
arrays  of  rotors  with  permanent  electric  dipole  moments.  In  these  systems  the  dipole 
interactions  between  rotor  groups  may  be  controlled  or  designed  to  create  specific 
types  of  behavior,  such  as  ferroelectricity.  Through  dielectric  spectroscopy  we 
measure  rotor  attributes  such  as  barrier  to  rotation,  polarizability,  and  homogeneity. 
Previously,  our  group  presented  dielectric  results  on  surface  mounted  dipolar 
rotors[l].  These  two-dimensional  systems  showed  a  broad  distribution  of  rotational 
barriers  owing  to  interactions  with  the  surface.  Presently,  we  are  exploring  two 
second-generation  systems  that  may  reduce  these  surface  effects. 

First,  we  consider  a  three-dimensional  crystalline  system  composed  of 
fluorobenzene  rotors  surrounded  by  bulky  triphenyl  cages  (Figure  1).  We  have 
observed  a  narrow  distribution  of  barrier  heights  consistent  with  previous  NMR  data 
on  a  non-polar  version  of  this  molecule[2].  Because  of  the  high  homogeneity  of  this 
system  we  can  extract  the  barrier  height,  its  temperature  dependence,  and  the  potential 
well  asymmetries.  Neat  and  clathrate  crystals  of  the  same  molecule  allow  us  to  study 
this  rotor  in  two  distinct  local  environments. 

Secondly,  we  have  studied  surface  mounted  rotors  with  the  rotational  axis 
parallel  (rather  than  perpendicular)  to  the  surface.  These  rotors  consist  of  two  stands 
supporting  a  “paddle  wheel”  rotor  between  them  (Figure  2).  This  system  shows  a 
dielectric  response  consistent  with  predicted  barrier  heights  from  molecular 
mechanics.  These  structures  could  have  applications  to  enhancing  fluid  flow  at 
surfaces.  In  keeping  with  the  surface  mounted  nature  of  the  molecule,  we  have 
observed  that  rotor  response  in  this  system  can  be  suppressed  when  adsorbates  are 
present  on  the  surface. 


Figurel:  Fluorobenzene  rotor  group  (red) 
group 

Surrounded  by  neighboring  triphenyl 
groups  (blue) 
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Figure2:  “Paddle  Wheel”  rotor  with  rotating 
in  green. 
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Daniela  Pfannkuche 

I.  Institute  of  Theoretical  Physics,  University  of  Hamburg, 

Jungiusstr.  9,  D-20355  Hamburg,  Germany 

We  study  a  pair  of  vertically  coupled  identical  two-dimensional  quantum  dots  (QDs)  subjected  to  a  vertical 
magnetic  field,  and  containing  three  interacting  electrons  .  The  vertical  degree  of  freedom  is  described  in 
the  so-called  "layered  electron  gas"  model  [1],  where  an  electron  can  only  be  in  one  of  the  two  layers  that 
define  the  individual  QDs.  Thus  the  electron  has  an  additional  spin-like  degree  of  freedom  ("isospin").  In 
this  model  the  electron  hopping  between  the  layers  is  described  by  the  tunnel  Hamiltonian.  Additionally  we 
incorporate  a  small  electric  field  in  the  vertical  direction,  which  breaks  the  symmetry  between  the  upper  and 
the  lower  quantum  dot.  The  eigen  states  and  eigen  energies  are  computed  by  using  an  exact  diagonalization 
scheme  to  include  electron-electron  correlations  due  to  the  Coulomb  interaction  [2,3]. 

We  find  that  by  adjusting  the  magnetic  field  to  a  certain  value  a  vertical  electric  dipole  moment  can  be 
induced  corresponding  to  two  electron  charges  localized  in  the  energetically  favoured  dot  and  one  electron 
charge  in  the  other.  We  wish  to  emphasize  that  the  electric  field  just  serves  to  break  the  symmetry.  It  can  in 
principle  be  made  infinitesimally  small  (only  limited  by  the  floating-point  precision)  and  still  one  could 
observe  the  described  localization  effect. 

The  effect  can  be  understood  as  an  anticrossing  between  the  two  lowest-lying  eigen  states  to  constant  total 
angular  momentum  (Lz)  and  total  spin  (S,SZ)  mediated  by  the  symmetry-breaking  electric  field.  Looking  at 
the  Slater  expansions  reveals  that  the  nature  of  the  correlation  is  diffenrent  for  the  two  crossing  states:  One 
state  can  be  written  as  a  sum  of  an  expansion  representing  a  +1/2  isospin  configuration  (two  electrons  in  the 
upper  QD  and  one  in  the  lower),  and  another  expansion  representing  the  -1/2  isospin  configuration  (two 
electrons  in  the  lower  QD  and  one  in  the  upper)  whereas  the  other  state  is  just  given  as  the  difference 
between  these  expansions.  At  the  crossing  point  the  perfect  superposition  of  the  two  states  thus  leads  to  one 
state  with  two  electrons  in  the  upper  QD  and  one  electron  in  the  lower  QD,  and  the  other  state  with  the 
inverse  electron  configuration.  Depending  on  the  direction  of  the  symmetry-breaking  electric  field  one  of 
these  states  becomes  energetically  favourable  compared  to  the  other  state  leading  to  the  described  electronic 
polarization  of  the  system. 

We  believe  that  this  localization  effect  is  a  general  property  of  symmetry-broken  double  quantum  dots 
containing  an  odd  number  of  electrons.  Therefore  double  quantum  dots  containing  an  odd  number  of 
electrons  could  in  principle  be  used  to  implement  charge  qbits  as  proposed  in  ref.  [4]  where  the  (effective) 
two-level  system  representing  the  qbit  is  given  by  the  two  opposite  polarization  states.  The  energy  difference 
between  the  two  states  is  given  by  the  energy  difference  between  the  two  QDs  caused  by  the  electric  field, 
so  that  the  electric  field  can  be  used  to  switch  between  the  two  states. 
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Fabrication  of  Molecular  Devices  -  An  Art  of  Science 

Mohammad  Shafiqul  Kabir 

Solid  State  Electronics  Laboratory,  Department  of  Microtechnology  and  Nanoscience  (MC2), 
Chalmers  University  of  Technology,  Gothenburg,  Sweden 
E-mail:  shafiq@ic.chalmers.se 

The  poster  converse  the  development  of  different  alternative  technologies  to  fabricate  different  types 
of  nanoscale  devices  based  on  non-conventional  materials  like:  molecules,  clusters  and  carbon 
nanotubes  (CNT).  We  have  exploited  the  quasi  one-dimensional  nature  of  these  materials  in 
combination  with  e.g.  self  assembling  techniques,  surface  treatments  and  nanolithography  for  device 
functionality.  Figure  1  (a)  depicts  our  developed  work  methodology  which  worked  as  roadmap  to  reach 
our  goal. 

An  important  technological  aspect  of  fabrication  of  molecular  devices  is  to  fabricate  nano-gaps  and 
nano-electrodes.  We  have  established  two  different  methods  of  fabricating  sub  5  nm  gaps  rather 
reproducibly  (inset  of  figure  1(b)  &  (c)  respectively).  We  have  successfully  introduced  a  third  terminal, 
which  acts  as  a  gate  electrode,  with  an  ultra  thin  oxide  (-1-4  nm  thick)  on  aluminum. 

An  approach  to  measure  conjugated  molecules  in  a  system  like  metal-molecules-clusters-molecules- 
metal  was  carried  out  as  an  early  attempt  where  an  unusual  time  dependent  conductance  was 
observed  (figure  1(b)).  In  another  attempt  to  measure  single  conjugated  molecule  in  a  nanogap,  we 
have  observed  fluctuations  at  high  source-drain  bias  in  the  differential  conductance  plot  (figure  1(c)). 

We  have  investigated  the  electronic  properties  of  gold  clusters  either  capped  (bounded  by  organic 
legends)  or  stabilized  with  some  specific  organic  molecules  with  the  aim  of  fabricating  novel  electronic 
devices.  Two  different  methods  of  surface  treatment  prior  to  clusters  alignment  were  implemented  for 
the  experiments  performed  on  the  Tri  Octyle  Amino  Bromine  (TOABr)  stabilized  gold  clusters  with  a 
size  distribution  of  5-7  nm.  Clusters  aligned  on  a  -SH  terminated  SAM  (Self  Assembled  Monolayer) 
treated  layer  exhibited  single  electron  transistor  (SET)  behaviors  as  expected  (figure  2  (a)).  In 
contrast,  clusters  aligned  on  a  surface  functionalized  by  Markepto  Silane  showed  field  effect  behavior 
where  a  transition  from  nonlinear  to  linear  current  voltage  characteristics  as  a  function  of  gate  voltage 
is  observed  for  the  first  time  (figure  2  (b)).  It  is  also  intriguing  to  observe  the  field  effect  transistor  (FET) 
behavior  for  the  first  time  from  the  device  based  on  (-SH)  terminated  gold  clusters  (figure  2  (c)). 

We  have  developed  and  optimized  a  technology  to  orient  individual  carbon  nanotubes  using  electric 
field  distribution  control  in  the  submicron  scale,  to  facilitate  the  assembling  of  nanotubes  between 
predefined  electrodes  (figure  3  (a)).  Fabrication  of  devices  by  making  the  electrodes  on  top  of  the 
nanotubes  was  also  carried  out.  Many  of  the  fabricated  devices  showed  very  interesting  results.  In  one 
of  the  investigated  IV  characteristics  of  crossed  CNTs  at  various  temperatures,  the  current  voltage 
characteristics  changed  from  linear  behavior  to  non-linear  as  a  function  of  temperature.  At  some 
electrode  pairs  of  the  same  device,  gate  dependence  of  IV  characteristics  at  1 .4  K  shows  coulomb 
oscillations  (figure  3(b)). 

An  important  observation  from  all  these  experiments  and  analysis  is  that:  “the  characteristics  of  an 
electronic  ‘nano-device’  not  only  depends  on  the  intrinsic  properties  of  the  materials  but  is  also 
strongly  correlated  with  the  method  of  device  fabrication”. 
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MAGNETIZATION  REVERSAL  IN  ULTRATHIN, 
NANOSTRUCTURED  EPITAXIAL  Fe  FILMS  ON  GaAs(OOl) 
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Institut  fur  Experimentelle  und  Angewandte  Physik,  Universitat  Regensburg, 
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Email:  wolfgang.kinferl@Dhvsik.uni-regensburg.de 
Homepage:  http://www.phv.sik.uni-regensburg.de/forschung/bayreuther/ 

High  quality  epitaxial  Fe  films  were  grown  on  GaAs(OOl)  by  molecular  beam  epitaxy.  Dot 
arrays  with  several  million  dots  of  well  defined  circular  shape  (diameter  500  -  100  nm, 
thickness  2  nm  =  14  monolayers)  were  fabricated  by  electron  beam  lithography  and  lift-off 
technique.  The  magnetic  properties  of  the  samples  were  investigated  by  MFM,  MOKE,  AGM 
and  SQUID  magnetometry  between  10  and  350  K. 

All  films  have  an  in-plane  uniaxial  magnetic  anisotropy  with  the  easy  axis  along  [110]  which 
is  conserved  during  patterning.  This  intrinsic  uniaxial  anisotropy  always  forces  the 
magnetization  of  the  dots  in  remanence  into  a  single  domain  state  as  inferred  from  the  high 
remanence  of  100  %.  Magnetization  reversal  shows  a  strong  increase  of  the  coercive  fields, 
He,  with  decreasing  diameter  in  comparison  to  the  continuous  film  (see  Fig.  1).  The  very 
sharp  switching  behavior  of  the  dot  arrays  indicates  a  high  uniformity  of  dot  size  and  shape. 
The  measured  coercivity  values  are  in  good  agreement  with  micromagnetic  simulations  (LEG 
Scheinfein  Micromagnetics,  see  Fig.  2)  at  10  K  for  all  samples,  whereas  at  room  temperature 
the  experimental  He  values  are  smaller  than  those  calculated  using  the  magnetization  and 
anisotropy  values  for  300  K  without  explicitly  considering  the  role  of  thermal  excitations  for 
the  reversal  process.  This  is  explained  by  thermal  excitation  of  additional  spin  wave  modes 
due  to  the  lateral  confinement  [1]. 

Support  by  the  Deutsche  Forschungsgemeinschaft  is  gratefully  acknowledged  (grant  No  FOR 
370). 
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A  QUANTUM  RANDOM  NUMBER  GENERATOR  ON  MAGNETIC  FLUX  QUBITS 

Viktor  O.  Ledenyov1,  Dimitri  O.  Ledenyov2  and  Oleg  P.  Ledenyov1 

'National  Scientific  Center  Kharkov  Institute  of  Physics  and  Technology,  UKRAINE 
department  of  Electrical  and  Computer  Engineering,  James  Cook  University,  AUSTRALIA 

ledenyov@ieee.org 

The  current  trend  in  industry  is  to  develop  a  new  generation  of  nanoscale  size 
electronic  devices.  The  fundamental  properties  of  nanoscale  electronics  may  be  described  by 
the  quantum  theory,  as  it  was  predicted  by  Feynman  [1]  and  Deutsch  [2].  The  quantum 
computation  devices  have  the  advanced  properties,  including  the  use  of  new  computation 
processing  algorithms.  Shor  [3]  and  Grover  [4]  proposed  the  possible  realization  of  the  high 
efficient  quantum  computation  algorithms  for  both  the  large  number  factorization  and  search 
in  a  large  database  tasks.  We  propose  the  quantum  random  number  generator,  which  operates 
with  the  large  numbers  and  produces  the  final  result  after  the  one  quantum  step.  The  random 
number  generators  have  many  applications  in  the  communication,  cryptography,  computation. 

Introduction  , 

The  usual  random  number  generators  may  be  developed  using  the  two  main  approaches:  the 
software  based  realization  of  algorithmic  computations  and  the  hardware  based 
implementation  with  the  special  registration  systems.  The  mathematical  algorithmic 
probability  theory [5,  6]  predicts  that  the  algorithmic  procedures  must  be  as  long  as  2 
computations  to  find  the  real  independent  random  number  with  the  N  binary  digits,  and  this 
operation  takes  long  time.  As  a  result,  now,  most  of  the  algorithmic  random  generators 
produce  the  pseudorandom  numbers  using  the  fast  algorithms.  The  physical  random  number 
generators  use  the  different  classical  and  quantum  phenomena  to  make  the  string  with  the 
random  positions  of  0  and  1.  All  the  classical  phenomena  are  deterministic,  and  may  be 
reversed  in  time,  therefore,  after  the  “long”  work,  all  the  properties  may  be  computed  and 
predicted.  The  quantum  random  processes  such  as  the  atom  decay  and  quantum  fluctuations 
are  used  in  some  models  as  the  basic  processes  for  the  random  number  generators,  but  the 
random  number  must  be  the  accumulation  of  at  least  N  atom  decays  or  other  events  for  the 
determination  of  N  digits.  The  time  delay  in  this  quantum  process  is  a  limiting  factor  for  its 
use  in  the  fast  near- real-time  applications. 

J 

Substantiation  , 

We  propose  the  use  of  the  massive  time  parallelism  of  quantum  wave  functions,  when  they 
transform  from  the  entangled  states  to  the  projection  basic  states  in  the  Hilbert  space  of 
quantum  system.  These  properties  are  used  in  quantum  computation  process  for  the 
realization  of  quantum  computers  [7].  In  our  approach,  we  place  the  M  quantum  particles  in 
quantum  “black”  box  B  to  produce  the  random  number  with  N  binary  digits  (M<N).  M  is  the 
random  number.  This  state  may  be  described  by  the  wave  function  »F(M,  Bm)  in  the  initial 
Hilbert  space.  The  position  of  each  particle  in  the  box  is  not  known.  We  “scatter”  this  state  on 
the  S  body,  which  contains  the  macroscopic  number  of  particles  to  the  final  state  with  N 
quantum  boxes.  The  2N  vectors  of  independent  binary  states  create  the  system  of  basis  vectors 
of  the  final  Hilbert  space.  During  the  time  of  scattering  process,  the  wave  functions  of  both 
the  scattering  system  and  the  initial  state  are  linked  by  expression  S'F(M,  Bm)  a' 

-*FU(0/1,  Bo/i)},  where  X,  is  the  infinity  sum,  otj  -  complex  coefficients,  k  -  from  1  to  2  .  In 
the  final  state,  after  the  measurement  procedure,  the  wave  functions  are  reduced  to  the  N  wave 
functions.  In  other  words,  all  the  spaces  may  be  complementary  to  the  algebra  A  with  the 
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special  operation  9  of  the  vector  multiplication  of  vectors  in  the  states  space  *Ff  =*Pj  0  'F,  . 
After  the  moment,  when  the  vectors  of  the  algebra  are  projected  on  the  N  boxed  states,  the 
positions  of  the  boxes  with  the  quantum  particles  (1)  and  the  positions  of  the  empty  boxes  (0) 
may  be  measured  reducing  all  other  states  to  the  one.  All  these  1  and  0  produce  the  string  with 
the  N  binary  digits,  which  is  the  random  number  obtained  in  one  step  quantum  scattered 
process.  It  is  possible  to  use  the  non-analytic  scattering  operator  S.  In  this  case,  the  scattering 
operation  is  generated  by  the  phase  transition  operation,  and  it  destroys  the  order  parameter  of 
the  system,  and  creates  the  new  parameter.  This  operation  occurs  in  macroscopic  quantum 
system,  and  the  wave  functions  of  all  the  particles  scatter  on  the  macroscopic  number  of 
particles  of  the  scattering  system.  The  interesting  algorithm  is  the  scattering  process  in  the 
quantum  electromagnetic  system  in  the  box  with  the  Leonardo  da  Vinci  (LdV)  quantum 
mirror  walls.  This  box  represents  the  state  with  M  quantums  and  with  all  the  infinity  mirror 
images,  which  in  quantum  state  may  not  be  discerned  from  the  real  states.  Using  the  mirror, 
we  can  initiate  the  very  entangled  state  with  the  infinity  number  of  states  and  the  quantum 
random  evolution.  There  are  some  specific  quantum  limitations  for  the  quantum  translation, 
transposition  and  rotation  operations  of  the  quantum  images  in  mirrors. 

Modeling 

sy^em,  which  operates  using  this  algorithm,  may  be  realized  as  the  square  lattice  of  the 
N  xN  =N  holes  in  the  superconducting  film  with  the  diameter  of  hole  D~  A.  and  film 
thickness  d  >  X,  the  holes  lattice  parameter  a  >X,  where  X  is  the  magnetic  field  penetration 
depth.  For  example,  N  is  equal  1024.  The  S  operator  is  represented  as  the  fast  laser  heating¬ 
cooling  process,  which  heats  up  the  lattice  to  the  temperature  T>TC  and  destroys  the 
superconducting  state,  but  it  leaves  the  superconducting  boundary  and  conserves  the  full 
magnetic  flux  (number  of  particles).  This  is  the  “black”  box  state.  When  the  laser  is  switched 
off,  the  superconducting  film  is  cooled  down  in  10’8sec.  This  stage  is  the  scattering  process, 
when  the  wave  functions  of  flux  quantums  and  the  wave  function  of  lattice  are  fully 
entangled.  The  random  positions  of  the  flux  quantums  in  the  holes  may  be  monitored  by  the  N 
SQUID  sensors,  which  are  positioned  on  the  inverse  surface  of  ground  plate  and  have  the 
sensitivity  10  "5  <t>0Hz'/2.  The  random  number  has  the  1024  binary  digits  and  it  is  selected 
from  the  2  numbers.  We  investigated  the  switching  time  from  the  entangled  to  pure  states; 
the  nature  of  physical  phenomenon,  which  may  destroy  an  independence  of  quantum  states  in 
the  lattice;  the  role  of  the  LdV  superconducting  mirror  and  the  time  of  complete  operation. 

Conclusions 

We  developed  a  new  model  of  the  quantum  random  number  generator  and  its  realization  on 
the  magnetic  flux  qubits. 
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Triple-Gate  MOSFETs  fabricated  with  Interference  Lithography 

M.  Lemme,  C.  Moormann,  H.  Lerch,  M.  Moller,  B.  Vratzov,  H.  Kurz 
Advanced  Microelectronic  Center  Aachen  (AMICA),  AMO  GmbH,  Huyskensweg  25, 
52074  Aachen,  Germany,  E-Mail:  Lemme@amo.de.  http://www.amo.de 

The  commercial  success  of  the  semiconductor  industry  for  the  past  decades  has  been  largely 
driven  by  continuous  reduction  of  device  dimensions.  At  the  turn  of  the  21st  century,  a 
transition  from  micro-  to  nanoelectronics  has  taken  place,  as  transistor  dimensions  have 
reached  the  sub-lOOnm  level.  The  main  benefit  of  this  scaling,  besides  reduction  of  cost,  has 
been  increased  transistor  current  drive  and  hence  increased  switching  speeds.  The 
international  technology  roadmap  for  semiconductors  (ITRS)  predicts,  that  this  trend  will 
continue  at  least  until  the  year  2015  [1],  By  then,  novel,  non-planar  device  architectures  such 
as  Triple-Gate-MOSFETs  in  Figure  1  or  FinFETs  on  SOI  material  may  be  necessary  to 
achieve  functional  devices  [2],  as  they  yield  excellent  control  of  the  gate  over  the  channel  and 
thereby  strongly  reduce  off-state  leakage  currents  [3][4],  In  addition,  Triple-Gate  MOSFETs 
can  enhance  the  transistor  drive  current,  if  the  line  to  space  ratio  is  chosen  accordingly  [5]. 

Interference  lithography  (IL)  or  holographic  lithography  is  the  preferred  method  for 
fabricating  periodic,  quasi-periodic  and  spatially  coherent  patterns.  Its  relatively  simple  and 
maskless  operation  principle,  utilizing  the  interference  of  two  or  more  coherent  planar  wave 
fronts,  is  ideal  for  low  cost  full  wafer  exposures  of  sub  100  nm  features. 


In  this  work,  a  fabrication  process  for  Triple-Gate-MOSFETs  is  presented,  where  interference 
lithography  has  been  integrated  into  an  SOI-CMOS  process.  After  channel  doping,  IL  has 
been  mixed  with  optical  lithography  to  define  source  and  drain  of  the  transistor  as  shown  in 
Figure  2.  The  elevated  source  and  drain  regions  (Mesa)  have  been  etched  using  an  SF6  /  O2 
plasma  process.  After  thermal  gate  oxidation  and  poly-silicon  deposition,  the  gate  has  been 
etched  using  HBr-chemistry.  Doping  has  been  achieved  by  ion  implantation  and  rapid  thermal 
activation.  A  scanning  electron  microscope  image  of  a  Triple-Gate-Transistor  is  shown  in 
Figure  3. 

The  Triple-Gate-MOSFETs  have  been  electrically  characterized  to  demonstrate  the  feasibility 
of  the  process.  An  example  of  transistor  output  characteristics  are  shown  in  Figure  4. 
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Figures: 


Figure  1:  Schematic  of  a  Triple-Gate  - 
MOSFET 


Figure  2:  Combined  interference  and 
optical  lithography 
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Figure  3:  Scanning  electron  microscope 
image  of  a  Triple-Gate-MOSFET  with 
seven  parallel  channels. 


Source-Drain-Voltage  V^s  [V] 

Figure  4:  Measured  output  characteristics 
of  a  Triple-Gate-MOSFET. 
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HYBRID-BASIS  MODELING  OF  TRANSPORT  THROUGH 
MOLECULE-SEMICONDUCTOR  INTERFACES 
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School  of  Electrical  and  Computer  Engineering,  Purdue  University,  West  Lafayette, 

IN  47906,  USA 
E-mail:  liangg@purdue.edu 


Molecular  electronics  promises  to  be  the  basis  for  the  next  generation  of  electrical 
devices,  following  considerable  progress  in  experimental  techniques  and  theoretical 
studies  in  the  area.  There  have  been  many  theoretical  simulations  of  conducting 
properties  of  molecular  devices  using  both  first-principles  and  semi-empirical 
methods.  Most  of  the  first-principles  calculations  give  accurate  results  for  isolated 
molecules;  however,  transport  properties  of  molecules  require  an  accurate  description 
of  the  molecule  and  its  interface  with  the  contact  under  non-equilibrium  conditions. 
Usually  the  localized  basis-sets  that  describe  molecules  very  well  are  not  efficient  in 
characterizing  bulk  properties  of  the  contact,  although  the  latter  are  quite  important 
for  determining  the  functionality  of  a  device.  Semi-empirical  calculations  like 
Extended  Huckel  Theory  (EHT)  or  effective  mass  method  are  typically  better 
equipped  to  modeling  both  the  bulk  and  the  surface  physics  of  contacts. 

In  this  work,  we  develop  formalism  to  couple  two  different  basis  functions  in  order 
to  accurately  model  the  molecules  and  the  contacts.  As  an  example,  we  use  EHT  with 
optimized  tight-binding  parameters  to  describe  bulk  silicon,  and  couple  it  with  an  ab- 
initio  basis,  6-3 1  g(d),  to  simulate  the  contact  surface  atoms  and  the  molecules  grown 
on  silicon.  Such  a  coupling  is  achieved  by  matching  the  surface  green’s  function  in 
real  space  in  both  basis  sets.  We  will  use  this  hybrid-basis  formalism  to  describe  STM 
measurements  on  molecules  like  styrene  grown  on  silicon.  Our  simulations  predict  a 
prominent  negative-differential  resistance  (NDR)  in  such  molecular  I-Vs  due  to  the 
interaction  between  the  molecular  levels  and  the  silicon  band-edge.  Our  results  are 
corroborated  by  preliminary  experiments  by  Mark  Hersam’s  group  at  Northwestern 
University. 
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CLASSIFICATION  OF  THREE-TERMINAL  JUNCTIONS  CARBON 

NANOTUBES 

L.  Chernozatonskii,  S.  Lisenkov 

Institute  of  Biochemical  Physics,  RAS,  Moscow,  1 19991,  Russian  Federation 

The  carbon  nanotube  junctions  have  recently  emerged  as  excellent  candidates  for  use  as 
building  blocks  in  the  formation  of  nanoscale  electronic  devices.  The  discovery  of  localized 
bends  in  multiwalled  pure  carbon  nanotubes  has  inspired  theoretical  investigations  of  simple 
two-point  tube  junctions  in  single-walled  tubes  [1,2].  If  such  a  heterojunction  is  formed  by  two 
nanotubes,  one  semiconducting  and  the  other  metallic,  the  junction  will  function  like  a  rectifying 
diode. 

Connecting  different  single-wall  carbon  nanotubes  to  form  three-terminal  heterojunctions 
have  been  proposed  recently  [3,4].  In  particular,  we  suggested  the  use  of  carbon  nanotube  “T” 
and  “Y  junctions”  as  three-terminal  nanoscale  molecular  electronic  devices. 

Earlier  experiments  observations  of  carbon  nanotube  Y  junctions  did  not  attract  much 
attention  for  electronic  applications  due  mainly  to  the  difficulties  associated  with  their  synthesis 
and  the  complexities  of  their  structures.  In  order  for  the  Y-junctions  to  be  useful  from  device 
perspective,  controlled  and  high-yield  production  of  these  junctions  is  required.  Recently,  Y- 
junction  nanotubes  have  been  produced  by  using  Y-shaped  nanochannel  alumina  as  templates 
[5],  and  by  pyrolysis  of  methane  over  cobalt  supported  on  magnesium  oxide  [6]. 

It  is  very  important  to  know  which  construction  the  real  junction  corresponds.  So  we 
must  know  all  possible  constructions  of  their  three-terminal  nanotube  junctions. 

We  present  the  general  classification  of  quasi  two-dimensional  single-wall  carbon 
nanotube  3-terminal  junction  -  planar  Y  (“fork”-,  “slingshot”-,  “bough”-  types  (fig. \a, b, c)),  T- 
junctions  (fig.  1  d).  Although  pristine  nanotubes  contain  only  hexagonal  arrangement  of  carbon 
atoms,  formation  of  a  multiterminal  junction  requires  the  presence  of  topological  defects  in  the 
form  of  pentagons,  heptagons  and  octagons.  This  is  essential  for  maintaining  sp  configuration 
for  all  carbon  atoms  in  order  to  maximize  stability.  It  is  interesting  to  note  that  topological 
defects  in  multiterminal  junctions  including  the  Y-junctions  obey  a  generalization  of  the  well- 
known  Euler’s  formula  modernized  for  three-terminal  junctions  carbon  nanotube  with  open  ends: 

n(7)+2n(8) -n(5)  =  6  ,  (l) 
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where  n(5),  n(7)  and  n(8)  are  the  number  of  pentagons,  heptagons  and  octagons, 
respectively. 

Our  classification  is  based  on  introducing  topological  heptagon  (H)  and  octagon  (O) 
defects  in  the  hexagonal  graphitic  net.  The  set  of  tables  allows  to  get  a  set  of  various  topological 
defects  for  given  indices  (n,0)  -  “armchair”  or  (n,n)  “zigzag”  SWNT’s  as  stems  and  branches 
and  symmetries  that  are  necessary  for  generation  of  three-terminal  nanotube  junction.  Thus, 
(aaa)-,  (aza)-,  (azz)-,(zzz)-,(zza)-,(zaa)  -  combination  with  different  angles  between  branches  are 
considered,  and  corresponding  structures  with  defect  types  (H6,  H401,  H202,  03)  are  modeled 
by  molecular  dynamic  methods  too. 

Using  the  equation  (1)  we  perform  the  computer  simulation  of  different  types  of  three- 
terminal  junctions  according  our  classification.  We  sow  that  one  Y-  or  T-junction  can  be 
transform  in  another  with  neither  Stone-Wales  transformation  or  including  or  excluding  C2 
cluster  connecting  two  heptagons. 


a  b  c  d 


Fig.l  The  types  of  three-terminal  junctions  carbon  nanotubes  :  a-c  -  Y  -junctions,  d  -  T- 
junction. 
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CURRENT  DISTRIBUTION  IN  B/N  DOPED  CARBON 

NANOTUBES 

Yi  Liu 

Physics  Department,  McGill  University 

Using  density  functional  theory  and  Keldysh  nonequilibrium  Green's  functions,  we 
investigate  electron  current  density  distribution  in  molecular  electronic  devices.  In 
particular,  we  present  the  current  distribution  in  pristine  (5,5)  armchair  carbon  nanotube 
as  well  as  in  nanotubes  with  substitutional  doping  of  boron  and  nitrogen  impurity 
atoms.  The  presence  of  impurity  breaks  the  uniformity  of  current  distribution  around  the 
carbon  rings.  For  the  more  electronegative  impurity  of  nitrogen,  the  current  density  is 
attracted  toward  the  side  of  the  tube  where  the  N  atom  is  located;  but  for  the  less 
electronegative  impurity  of  boron,  the  opposite  happens.  We  measure  the  current 
redistribution  due  to  the  impurity  doping. 
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The  relevance  of  magnetic  nanocrystals  in  advanced  research  technology  has  been  growing  in 
the  last  years  due  to  their  great  scientific  interest  and  their  spectacular  potential  applications  in 
nanotechnology  [1].  Particularly,  astonishing  chararacteristics  of  highly  ordered  ultra-fine 
nanosized  magnetic  particles  arranged  in  superlattices  can  be  achieved  by  self-assembling 
preparation  processes.  That  is  considered  to  be  of  real  interest  for  the  development  of  future 
magnetic  storage  systems  [2,3]. 

Considering  the  possibility  of  data  storing  of  1  bit  per  particle,  one  of  the  exigencies  of  the 
upsurge  of  the  recording  density  is  to  reduce  the  grain  size.  A  clear  limitation  for  this 
reduction  is  the  non-stability  of  the  ferromagnetic  behavior  of  ultrafine  particles  due  to 
thermal  fluctuations  of  magnetisation  that  makes  particles  with  size  smaller  than  the  critical 
one  to  behave  as  superparamagnetic  [3],  So,  a  larger  magnetic  anisotropy  is  required  to  keep 
stable  magnetisation  at  room  temperature  of  particles  a  few  nanometers  in  size.  In  a  very 
recent  work,  it  has  been  shown  that  the  Ferromagnetic/Antiferromagnetic  (FM  /  AFM) 
magnetic  coupling  is  a  powerful  source  to  achieve  an  extra-large  anisotropy  [4].  For  example, 
the  blocking  temperature  of  4  nm  size  nanoparticles  can  be  increased  from  10  K  to  about  290 
K  by  embedding  such  particles  in  an  antiferromagnetic  matrix  (CoO).  Thus,  additional  studies 
about  the  magnetic  exchange  coupling  are  required  to  gain  a  more  complete  knowledge  about 
this  phenomenon. 

In  the  present  work,  Co  nanocrystalline  particles  8  nm  in  diameter  with  a  core-shell  structure 
(Co/CoO),  have  been  prepared  by  the  so-called  polyol  process  [5]  in  the  presence  of 
surfactants.  When  these  nanoparticles  are  deposited  onto  a  substrate  from  a  colloidal 
dispersion  and  slowly  evaporation  of  the  solvent,  they  spontaneously  form  self  arrangements 
consisting  in  spherical  superstructures  with  diameters  around  300-400  nm  (Fig.  la).  The 
thermal  evolution  of  coercivity  of  these  particles  has  been  analysed  after  field  cooling,  FC, 
and  zero  field  cooling,  ZFC,  processes.  The  coercivity  measured  after  FC  process  takes  larger 
values  than  after  ZFC  process.  Moreover,  the  hysteresis  loops  obtained  by  field  cooling  from 
300  to  5  K  in  a  field  of  70  kOe  are  shifted  along  the  applied  field  orientation  (Fig.  lb).  It  can 
be  observed  that  below  150  K,  hysteresis  loops  begins  to  shift  and  the  coercivity  increases. 
The  loop  displacement  is  more  important  as  the  temperature  decreases  suggesting  that  when 
the  oxide  layer  starts  the  blocking  process,  an  additional  anisotropy  arises. 

These  experimental  results  are  interpreted  considering  the  unidirectional  anisotropy  induced 
by  exchange  coupling  between  the  ferromagnetic  particle  core  and  the  antiferromagnetic 
oxide  shell. 
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Fig.  1.  a)  TEM  image  of  the  superstructure  organisation  of  Co  nanoparticles  synthesised  in  the 

+  HUf') 

presence  of  oleic  acid,  b)  Thermal  dependence  of  Exchange  Field  defined  by  Hex  =  - - - — - 

where  HcR,gh'  and  HcUfl  represent  the  field  at  which  the  magnetization  is  vanished  on  the  right  and  on 
the  left  respectively. 


140 


TNT2003 


September  15-19,  2003 


Salamanca-Spain 


Poster 


STRUCTURAL  AND  ELECTRONIC  PROPERTIES  OF  BUCKLED 

CARBON  NANOTUBES 

E.  Machado  and  P.  Ordejon 

Institut  de  Ci'encia  de  Materials  de  Barcelona  (CSIC),  Campus  de  la  U.A.B.  E-08193 

Bellaterra,  Barcelona,  Spain 
E-mail:  1.  machado@icmab.es  .  2.  ordeion@icmab.es 
http://www.icmab.es/dmmis/leem/ 

At  present  there  is  a  considerable  interest  towards  the  exploitation  of  the  exceptional 
electronic  and  mechanical  properties  of  carbon  nanotubes  (NT’s).  Based  on  the 
possibility  of  making  nanotube-based  microelectronics,  research  groups  have  fabricated 
various  individual  single  wall  nanotube  electronic  devices  [1,  3]. 

However,  now  it  is  necessary  to  get  a  good  understanding  of  how  the  geometrical  and 
electronic  properties  of  NT’s  would  change  when  defects  are  present.  This  is  especially 
important  when  it  is  necessary  to  manipulate  the  shape  of  NT’s  in  order  to  obtain  these 
designed  devices. 

Applying  mechanical  force  on  a  NT  can  originate  a  bent  within  that  NT. 

If  the  strain  is  sufficient,  the  bent  nananotube  deforms  into  a  buckle,  i.e,  a  severe 
distortion  of  the  atomic  structure  where  all  the  strain  is  concentrated  locally. 

Scanning  tunneling  microscopy  and  spectroscopy  measures  done  by  Jansenn  et  al  [2]  on 
a  semiconducting  nanotube  have  shown  how  the  local  electronic  structure  changes. 
They  report  localized  states  below  the  conduction  band. 

Here  we  present  ab-initio  Density  Functional  Theory  calculations  to  study  the  effect  of 
a  strong  structural  distortion,  a  buckle,  on  the  structural  and  electronic  properties  of  a 
metallic  (8,8)  and  a  semiconducting  (13-0)  nanotube.  Our  results  on  the  semiconducting 
NT  show  localized  states  above  the  valence  band.  We  compare  these  to  the 
experimental  and  discuss  the  nature  of  this  states.  At  the  same  time  we  simulate  STM 
images  in  the  the  region  of  these  states.  In  the  case  of  the  metallic  NT  we  compare  our 
result  with  similar  calculation  present  in  the  literature  [4,  5] 
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The  manipulation  of  nano-objects  requires  specific  instruments  as  Atomic  Force  Microscopes 
(AFM).  Despite  qualities  and  performances  of  these  devices,  many  physicists  complained 
about  the  lacks  of  adequate  man-AFM  interfaces,  since  the  experimentalist  can  not  control  the 
AFM  tip  during  the  sample  scan  [1]  or  feel  in  real-time  the  results  of  his  actions  on  the  sample 
surface  [2],  Since  the  information  we  can  extract  from  a  nano-scene  is  complex  and  above 
all,  a-priori  foreign  to  our  common  sense  and  daily  experience,  an  efficient  communication  of 
human  perception/action  processes  and  the  physical  actions  and  behaviours  in  the  nano-world 
is  a  non-trivial  task.  Several  works  as  those  of  [3,4,5]  deal  with  the  implementation  of  a  multi- 
sensory  AFM-human  operator  interface  allowing  the  experimentalist  to  see,  to  hear  and  to 
touch  the  nano-objects  in  real-time  during  the  manipulation.  The  first  stage  of  these  works 
was  to  enrich  the  conventional  instrument  by  adding  a  force-feedback  device  allowing  the 
user  to  feel  the  forces  applied  to  and  returned  by  the  AFM  tip.  Thus,  the  architecture  of  the 
developed  instruments  was  a  conventional  teleoperator  architecture  composed  of  a  force 
feedback  manipulator,  signal  transmitters  and  AFM. 

The  work  presented  here  aims  to  a  similar  objective:  allowing  the  experimentalist  to  act  on 
and  feel  the  nanoworld  phenomena  during  the  manipulation  by  the  use  of  multisensory 
representations  including  the  force  feeling.  Nevertheless,  keeping  in  mind  the  differences 
between  the  human  world  and  the  nanoword,  we  assume  that  simulation  is  an  imperative  layer 
to  adapt  in  real  time  the  specificities  and  the  information  between  human  and  nano  worlds. 
Thus,  a  crucial  challenge  is  to  have  at  our  disposal  minimal  models  of  the  nanoscene,  able  to 
be  simulated  in  real-time,  which  could  be  inserted  between  the  user's  multisensory  interfaces 
and  the  real  nanoscene. 


In  this  context,  our  paper  presents  a  minimal  model  able  to  simulate  in  real-time  the  complex 
phenomenon  of  approach-withdraw  interaction  that  appears  between  an  AFM  tip  and  a 
sample  surface  in  contact  mode.  This  interaction  is  a  cohesive  interaction  presenting  a 
hysteretic  behaviour  as  shown  in  approach-withdraw  curve  (fig.l).  Figure  2  illustrates  our 
minimal  model  equivalent  to  the  physical  elements:  the  piezo-actuator  controlled  in  Oz 
position,  the  cantilever,  the  tip,  the  sample  surface  and  the  tip-surface  interaction. 


Fig.  1  The  observed  approach-  Fig.2  Minimal  model  of  the 
withdraw  interaction  curve  AFM  piezo-tip-surface 


Fig.  3  Feeling  the  approach- 
withdraw  interaction 
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The  real-time  simulation  of  this  model  produces  the  correct  approach-withdraw  curve,  with 
hysteresis  phenomenon,  and  thus  without  any  element  in  the  model  which  exhibits  explicitly 
memory  function.  The  force  applied  on  the  tip  during  the  approach-withdraw  procedure  is 
transmitted  to  the  experimentalist  in  real  time  through  the  virtual  model  and  a  Force  Feedback 
Gestural  Device,  making  thus  possible  a  human  haptic  perception  of  the  approach-withdraw 
interaction  (Fig.3). 

In  order  to  validate  the  results  of  this  minimal  real-time  model,  we  developed  a  Simulink 
model  presented  in  fig.4,  respecting  the  functional  principle  of  each  component  of  a  real 
AFM.  This  simulation  uses  as  input  data  the  physical  parameters  that  characterise  a  silica 
sample  surface  and  returns  two  results  that  correspond  to  the  observation  of  the  real  AFM 
functionality:  a  tip-surface  interaction  curve  corresponding  to  Lennard-Jones  potential,  and  an 
approach-withdraw  force  curve.  The  results  of  this  study  match  with  the  practical  results 
already  obtained  by  physicists  [6]  and  prove  the  validity  of  our  approach  in  modelling  the  tip- 
surface  cohesive  interaction. 


The  minimal  model  presented  has  been  easily  designed  and  implemented  in  real  time  by 
means  of  the  Cordis- Anima  modelling  and  simulation  system  [7].  The  work  presented  here 
plays  the  role  of  a  test  bed  for  a  generic  use  of  this  simulation,  necessary  to  design  minimal 
real-time  models  and  to  insert  them  in  the  new  nanomanipulation  instruments.  That  is  a  first 
step  in  the  designing  of  the  instrumental  complete  chain  composed  of  force  feedback  nano¬ 
feeler,  simulation,  multi-sensory  nano-manipulator,  real  nanoscene,  which  allow  scientists  to 
manipulate  nano-objects  in  real  time  and  to  avoid  the  classical  trials  et  errors  methods. 
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The  actual  tendencies  in  nanotechnology  domain  are  pointed  for  creating  more  and  more 
advanced  nano-manipulators  that  are  requested  in  many  applications  [1,2].  Fields  like: 
biology  [3]  where  a  convivial  tool  to  manipulate  directly  the  alive  materials  at  a  nano-scale 
does  not  exist,  educational  sciences  [4]  where  an  efficient  nano-manipulator  could  enrich  the 
theoretical  descriptions  of  the  phenomenon  by  a  direct  and  sensorial  approach  of  the  nano¬ 
sciences,  physics  [5]  where  no  means  to  control  a  carbon  nanotubes  manipulation  exist  today, 
are  only  few  examples  from  the  widespread  area  of  nano-manipulator  applications. 

Building  a  nano-manipulator  as  an  independent  workstation,  which  will  integrate  a  force 
sensor  at  the  nanometric  scale  (the  AFM  tip)  and  an  interface  for  experimentalist  that  will 
allow  him  to  act  in  real  time  and  to  use  all  his  cognitive  capabilities  (senses,  knowledge, 
learning)  in  the  nano-world  is  our  project  that  will  offer  a  new  and  complete  multi-sensory 
representation  of  the  nano-world  phenomena  in  our  macroscopic  universe. 

In  the  aim  of  realizing  a  successful  multi-sensory  interface  allowing,  thus,  human  presence  in 
the  nano-world,  we  present  in  this  paper  the  first  results  from  the  1-DOF  nano-manipulator 
development  that  connects  an  Atomic  Force  Microscope  (AFM)  with  our  20  N  (permanent 
regime)  Force  Feedback  Gestural  Device  (FFGD).  The  application  of  the  AFM-FFGD 
coupling  contains  a  redefining  of  the  real-time  remote-control  handling,  bringing  in  the 
concept  of  mixed  reality.  The  designed  models  described  in  this  paper  represent  the  basics  of 
the  virtual  reconstructions  of  a  nano-scene. 

We  connect  the  AFM  with  the  FFGD  by  intercalating  a  real-time  processor  between  these  two 
devices  (fig.l).  The  real-time  processor  Telluris,  developed  in  our  laboratory,  allows  any 
physical  modelling  with  3kHz  bandwidth  for  the  force  feedback  sensitivity.  In  order  to  obtain 
system  functionality  independent  of  the  software  builder  signal  processing  and  commands,  the 
coupling  imposes  the  design  of  the  electronic  and  computer  considerations  described  below. 
In  order  to  validate  our  results  with  regard  to  the  original  prints,  we  preserve  the  electronic 
system  of  the  builder  and  the  PC  acquisition  card.  The  analogical  signals  of  the  AFM  head  are 
intercepted,  treated  and  transmitted  to  the  real-time  processor  architecture  by  a  home- 
developed  acquisition  card  illustrated  in  fig. 2.  This  treatment  allows  obtaining  a  signal  shape 
according  to  the  functional  and  regulation  modes  of  the  AFM. 


Fig.  1  AFM,  real  time  processor,  and 
FFGD  chain 


Fig.  2  AFM-real-time  processor 
acquisition  card 
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In  parallel  with  technical  developments  we  have  studied  the  constituents  of  the  nano¬ 
manipulator  from  a  modelling  and  virtual  reality  point  of  view.  We  have  defined  different 
models  that  reconstruct  at  the  human  scale  the  interactions  between  sample  surfaces  and  AFM 
tips  at  the  nanometre  scale. 

To  analyze  the  critical  behaviour  of  nano-objects  deposed  on  a  sample  surface,  we  have 
realized  a  first  model  that  simulates  the  Van-Der-Waals  interactions  by  creating  a  virtual  tip, 
which  is  connected  to  a  piezo  element  by  a  spring  and  which  interacts  with  the  surface 
(hysteresis  effect).  A  more  elaborate  model  illustrated  in  fig. 3  implements  the  two-wheeler 
metaphor,  which  allows  moving,  lifting  and  bringing  an  object  on  the  surface.  This  model 
provides  to  the  user  information  about  the  characteristics  of  the  AFM  tip,  in  particular  if  its 
cohesion  with  the  object  to  be  moved  is  strong  enough  for  realizing  such  operations.  We  can 
thus  put  in  evidence  some  delicate  situations  that  appear  in  real  actions,  and  obviously  at 
different  scale  rates. 


Fig.  3  Model  for  moving  and  grasping  a  nano-object  on  a  surface 


The  first  results  we  have  obtained  are  determinant  for  the  next  developments  concerning  the 
multi-sensory  nano-manipulator.  The  user  commands  the  AFM  tip  thanks  to  the  FFGD 
control  lever  and  he  can  feel  the  cohesive  nano-forces  amplified  at  the  Newton  order  (by  a  109 
factor).  The  virtual  manipulations  allow  calibrating  the  real  manipulations  in  a  non¬ 
destructive  way,  and  offer  a  contact  between  the  user  and  the  nano-world,  with  a  force 
feedback,  visual  and  auditory  representation.  The  designed  architecture  deals  not  only  with  a 
scale-changing  command,  but  also  with  a  simulation  platform,  which  allows  reconstructing 
the  nanometre  world  in  a  virtual  system,  and  includes  an  estimation  of  the  operator 
possibilities,  his  capacities  face  to  this  environment.  Feeling  the  sticking  and  takeoff 
phenomenon  as  a  measure  of  the  approach-withdraw  interaction  of  the  AFM  tip  with  the 
surface  shows  the  extent  of  the  capabilities,  which  can  be  henceforth  exploited  for  the  future 
developments. 
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Cholesteric  chiral  liquid-crystal  polyester  PTOBEE  [C26H2oOs]n  (1),  synthesized 
from  the  racemic  mixture  of  their  starting  materials,  showed  an  unexpected 
stereoselective  separation  of  polymer  units  which  incorporate  a  higher  excess  of  one 
enantiomer  at  the  expenses  of  the  other  when  the  polycondensation  reaction  products 
are  decanted  into  a  large  excess  of  toluene. 


H. 


An  NMR  diffusion  study  of  PTOBEE  obtained  for  a  sample  with  -70% 
enantiomeric  excess  revealed  the  formation  of  a  complex  by  self-association  of  several 
polymer  units  with  an  unexpectedly  higher  tendency  of  the  complex  to  be  formed  when 
the  sample  is  further  diluted.  Cross  saturation  transferred  NMR  experiments  showed  the 
high  stability  of  this  complex  which  is  in  slow  exchange  equilibrium  with  the  single 
polymer  unit. 

The  results  suggest  that  both  effects,  the  enantiomeric  excess  obtained  during  the 
recrystal ization  and  the  high  tendency  to  the  formation  of  the  complex  in  diluted 
samples  of  this  polymer  could  be  related.  Polymer  units  incorporating  a  certain  excess 
of  one  of  the  enantiomers  could  result  in  a  privileged  spatial  geometry  of  the 
substituents  which  favors  its  self-aggregation,  resulting  in  its  faster  precipitation  during 
the  recrystal  ization  process. 
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SUB-MICRON  PATTERNS  CREATED  BY  A  COMBINATION  OF  TOP-DOWN 
AND  BOTTOM-UP  TECHNIQUES 

Pascale.Maurv.  David.N.Reinhoudt,  Jurriaan  Huskens. 

Laboratory  of  Supramotecular  Chemistry  and  Technology,  MESA  +  research  institute, 
University  of  Twente,  P.O.Box  217,  7500  AE  Enschede,  The  Netherlands. 

Email:p.a.maury@ct.utwente.nl 

Recently,  a  number  of  new  soft-lithography  techniques,  such  as  microcontact  printing 
(MCP),  micromolding  in  capillaries  (MIMIC),  and  nanoimprint  lithography  (NIL)  have 
appeared.  These  techniques  allow  getting  patterns  with  small  feature  sizes  at  low  cost  and 
high  throughput  compared  to  conventional  lithography  techniques.  Simultaneously, 
methods  based  on  the  self-assembly  of  molecules  have  been  developed  and  these 
approaches  are  known  as  bottom-up  approaches.  An  example  is  the  formation  of  self- 
assembled  monolayers  (SAMs).  An  important  property  of  SAMs  is  that  the  molecules 
assemble  by  themselves  into  highly  ordered  layers,  with  a  thickness  of  one  molecule. 
Top-down  and  bottom-up  approaches  can  be  combined  as  shown  in  microcontact  printing 
and  dip-pen  nanolithography.  Here  NIL1  was  chosen  to  pattern  a  substrate  and  then  self- 
assembly  was  used  to  form  a  SAM  on  the  bare  areas  after  removal  of  the  residual  layers, 
see  figure  .  One  of  the  advantages  of  NIL  is  that  it  allows  producing  patterns  with 
nanometer-size  features  on  different  kinds  of  substrates.  SAMs  can  be  formed  on  the 
exposed  part  of  the  substrate  from  solution  or  gas-phase. 

The  NIL  stamp  with  nanometer  features  was  prepared  using  shadow-mask  evaporation 
through  a  nanostencil2as  on  figure  1.  The  nanostencil  membrane  contained  500  nm  holes 
and  was  used  to  produce  metal  pillars  on  a  Si  substrate,  figure  2.  Clogging  of  the 
apertures  of  the  membrane  led  to  stamps  with  conical  features.  Here,  this  was  used  as  an 
advantage  since  separation  of  stamp  and  substrate  after  imprinting  becomes  easier  among 
the  conical  shape  of  the  stamp  features.  Imprints  were  made  on  polymethylmethacrylate 
(PMMA)  350  K,  see  figure  3  and  4  and  characterized  by  scanning  electron  microscopy 
(SEM)  and  atomic  force  microscopy  (AFM). 

Different  kinds  of  SAMs  were  characterized  on  bare  substrates  to  evaluate  possible  NIL- 
induced  damage  on  the  monolayer  using  ellipsometry,  contact  angle  measurements  and 
electrochemistry.  SAMs  were  formed  both  from  solution  (e.g.  thiols  on  gold  in  ethanol) 
and  from  gas-phase  (silanes  on  silicone)  on  the  patterned  substrate.  After  removal  of  the 
polymer,  characterization  of  patterned  SAMs  was  performed  indirectly  after  further 
processing  steps.  After  patterning  a  gold-coated  substrate  with  thiols  we  proceeded  to 
transfer  the  pattern  on  the  gold  layer  by  wet  etching.  The  patterned  gold  layer  (typically 
20  nm  thick)  can  be  easily  investigated  with  SEM.  Furthermore,  attachment  of 
fluorescent  molecules  to  NH2-terminated  SAMs  permits  observation  of  the  pattern  using 
confocal  microscopy. 
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Figures 


Nanostencil 

Substrate 


Metal  evaporation 


Figure  1:  Shadow  mask  evaporation  using 
nanostencil  for  stamp  fabrication 


Figure  2:  SEM  image  of  500  nm  Cr.  dots  on  Si 


BL-  STAMP  ; 


T=180°C 
P=50  bar 


^  02  plasma 


I  Self  assembly 


Figure  4:  SEM  image  of  imprinted  holes  using 
the  stamp  seen  above 


Figure  3:NIL  followed  by  self-assembly  process 
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MICROSTRUCTURAL  CHARACTERISATION  OF  THE 
FORMATION  OF  ELLIPSOIDAL  IRON  METAL 
NANOPARTICLES 
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The  characterisation  of  nanoparticles  is  not  an  easy  task  due  to  their  small  dimensions 
and  very  often  the  overlapping  of  information  due  to  secondary  effects  such  as  a  wide 
particle  size  distribution  that  distorts  the  measurements.  In  this  sense  the  use  of 
monodispersed  solids  with  very  narrow  particle  size  distribution,  assures  a  good 
correlation  between  crystallochemical  and  in  this  case,  magnetic  properties  [1,  2]. 

In  the  last  years  several  methods  have  been  developed  to  produce  iron  oxide  particles  by 
forced  hydrolysis  of  iron  salts  in  solution  [3].  The  morphology  of  the  particles  can  be 
controlled  by  adjusting  the  amount  of  phosphate  in  the  initial  solution  and  the 
production  rate  can  be  significantly  increased  by  adding  urea  in  the  reaction  media.  By 
controlling  the  experimental  conditions,  uniform  solids  consisting  of  hematite  particles 
of  around  50  nm  in  width  and  axial  ratios  of  5  and  7  have  been  obtained  and  they 
constitute  the  precursors  of  this  work. 

The  metallic  iron  particles  have  been  prepared  by  a  reduction  of  uniform  hematite 
particles  and  this  transformation  has  been  observed  by  Transmission  Electron 
Microscopy  (TEM).  Fig.  1  shows  the  electron  diffraction  pattern,  morphology,  as  well 
as  the  corresponding  high-resolution  electron  micrograph.  Its  monocrystal  character  is 
preserved  during  the  reduction.  Every  iron  particle  seems  to  be  composed  of  several 
sub-particles  of  around  30  nm  in  diameter.  Therefore,  it  is  reasonable  to  speculate  that 
these  sub-particles  must  be  aligned  along  the  same  crystal  direction,  giving  rise  to  a 
monocrystal  diffraction  pattern.  In  addition,  an  oxide  layer  of  around  2  nm  is 
surrounding  the  metal  particle,  which  is  responsible  for  the  stabilisation  against  further 
oxidation  of  the  metal  core  and  it  was  produced  in  the  passivation  process.  It  should  be 
emphasised  that  this  material  has  been  stable  for  at  least  3  years  without  any  additive. 

The  final  metal  particles  have  also  been  characterised  by  Mossbauer  spectroscopy  and 
the  percentage  of  oxide  against  metal  has  been  calculated  from  the  spectra  at  4.2  K. 
Magnetic  hysteresis  loops  at  room  temperature  of  the  samples  with  different  axial  ratio 
have  been  measured  in  a  vibrating  sample  magnetometer  (VSM)  and  shown  that  the 
main  effect  on  the  coercivity  is  due  to  the  particle  morphology.  On  the  other  hand,  time 
dependence  measurements  of  the  magnetisation  lead  to  an  activation  volume  that 
corresponds  to  the  crystal  size  observed  by  TEM. 


TNT2003 


September  15-19,  2003 


Salamanca-Spain  1 5 1 


Poster 


References 

[1]  E.  Matijevic,  Chem.  Mater.  5,  412  (1993) 

[2]  T.  Sugimoto  Ed.  “ Fine  particles:  synthesis,  characterisation  and  mechanism  of 
growth  ”  (New  York:  Marcel  Dekker,  2000) 

[3]  M.Ocana,  M.P.Morales,  and  C.J.Serna.  J.CoIloid  Interface  Sci.  212,  317  (1999) 


Figures 


Fig.  1.  Electron  diffraction  pattern,  TEM  image  and  high  resolution  image  of  an  iron 
metal  particle  obtained  by  reduction  of  hematite. 
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MULTIWALL  CARBON  NANOTUBES  FOR  MICROWAVE  VACUUM 
DEVICES  AND  PARALLEL  E-BEAM  LITHOGRAPHY 
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The  integration  of  multiwall  carbon  nanotubes  (MWCNTs)  as  cold  field  emitters  in  electronic 
devices  is  being  investigated  for  several  applications  such  as  microwave  amplifiers  and 
parallel  e-beam  lithography.  The  interest  in  MWCNTs  is  motivated  by  their  large  aspect  ratio 
which  generates  high  electric  field  enhancements  for  obtaining  electron  emission  at  low 
voltage.  Using  catalytic  plasma  enhanced  chemical  vapour  deposition  (PECVD)  [1,2,3], 
vertically  aligned  carbon  nanotubes  can  be  grown  with  a  high  degree  of  control  over  their 
location,  alignment,  height  and  diameter.  Fig.  1  shows  an  array  of  5  pm  height  and  50  nm 
diameter  vertically  aligned  MWCNTs. 

Future  10-50  W  microwave  amplifiers  could  be  based  on  arrays  of  MWCNTs  delivering 
lA.cm'2  and  modulated  at  30  GHz.  In  order  to  study  the  feasability  of  this  goal,  we  have 
measured  the  field  emission  properties  from  individual  MWCNTs.  After  a  conditioning 
process  [4],  the  electron  emission  was  found  to  be  stabe  and  followed  the  Fowler-Nordheim 
emission  mechanism  with  a  maximun  current  of  ~10  pA  per  nanotube  before  degradation.  A 
theoritical  approach  based  on  these  results  and  simulation  shows  that  such  performance  could 
be  obtained  with  an  array  of  5  pm  height  nanotubes  with  a  10  pm  pitch.  We  measured  an 
emitted  current  of  0.7  A.cm'2  from  a  0.36  mm2  CNT  array  (Fig.  2),  field  emission  properties 
will  be  presented  and  discussed. 

For  parallel  e-beam  lithography,  we  have  recently  proposed  a  revisited  concept  based  on  an 
array  of  electron  microguns  independently  driven  by  an  active  CMOS  pixel  array  [5,6].  The 
microgun  consists  of  a  MWCNT  as  electron  emitter,  an  extracting  and  a  focusing  lens.  We 
have  recently  shown  that  MWCNT  based  microcathodes  with  an  integrated  and  self  aligned 
gate  electrode  exhibit  excellent  field  emission  characteristics  [7].  Fig  3  shows  a  microgun 
based  on  individual  0.5  pm  height  MWCNT.  Arrays  of  22.500  microgun  exhibit  a  threshold 
voltage  of  around  25  V  and  a  maximum  peak  current  density  of  1.4  mA/cm2  at  40V  (fig.  4). 

This  work  was  funded  by  the  European  commission  through  the  IST-FET  projects  Canvad 
and  Nanolith. 
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Electron  Beam  Deposition  of  Solid  Gold  Nanostructures  and  Soldering  of  Carbon 

Nanotubes 
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Electron  beam  deposition  (EBD)  is  an  attractive  method  for  rapid  fabrication  of  three- 
dimensional  nanostructures  and  soldering  of  nanocomponents  [1,2,3].  We  have  developed  a 
setup  for  EBD  in  an  environmental  scanning  electron  microscope  (ESEM)  and  present  here 
successful  deposition  of  solid  gold  nanostructures  and  soldering  of  carbon  nanotubes  to  micro 
structures.  As  precursor  gas  we  used  dimethyl-go ld-acetylacetonate  (vapor  pressure  0.01 
Torr). 

A  TEM  investigation  of  the  electron  beam  deposited  tips  revealed  a  unique  shell  structure  for 
tips  deposited  in  a  water  vapor  atmosphere.  Fig.  1  shows  typical  tips  deposited  in  an 
80 /oAr/20 /o02  mixture  (A)  and  water  (B).  From  the  TEM  images  and  energy  dispersive 
energy  X-ray  analysis,  we  found  that  tips  deposited  in  the  presence  of  the  gasses  N2, 
80%Ar/20%02,  and  60%He/40%H2,  consisted  of  about  3  nm  gold  particles  embedded  in  a 
carbonaceous  matrix,  as  shown  on  Fig.  1A.  However,  for  depositions  at  a  water  vapor 
pressure  above  0.5  Torr,  the  tips  contain  a  gold  core  with  high  density  (Fig  IB),  surrounded 
by  a  shell  of  carbon7gold  material.  The  structure  of  the  shell  is  similar  to  the  material  in  the 
tips  deposited  in  the  other  gasses.  The  gold  content  of  the  core  increases  with  the  beam 
current  used  during  deposition. 

When  scanning  the  electron  beam  to  acquire  images  in  the  presence  of  the  source,  thin 
contamination  layers  almost  void  of  gold  are  deposited  on  the  imaged  surfaces  (Fig  1C). 
Furthermore,  tip  fabrication  in  the  presence  of  the  source  was  found  to  lead  to  deposition  on 
the  sidewalls  of  other  tips  up  to  a  few  microns  away.  We  observed  that  tips  with  such  . 
asymmetric  contamination  layers  generally  were  deformed  by  exposure  to  subsequent 
electron  radiation  in  SEM  or  TEM  as  seen  in  Fig  ID.  Preliminary  experiments  indicated  that 
the  contamination  layers  can  be  greatly  reduced  by  using  shutters  to  turn  off  the  supply  of 
precursor  gas  between  depositions. 

There  are  strong  indications  that  the  gold  cores  are  solid,  crystalline  gold.  We  found  long- 
range  order  in  the  core  lattice  planes  over  distances  comparable  to  the  diameter  of  the  cores 
2),  i.e.  much  larger  than  the  nanocrystallites  in  the  crust.  Quantitative  measurements  of 
the  mass-thickness  of  the  tips  by  scanning  transmission  electron  microscopy  (STEM)  also 
indicated  a  solid  gold  core. 

By  slowly  scanning  the  beam  during  deposition,  three-dimensional  gold  structures  can  be 
made.  Free-standing  gold  wires  with  a  core  diameter  of  just  20  nm  were  deposited  from  a 
multiwalled  carbon  nanotube.  The  TEM  image  in  figure  3  shows  a  gold  wire  firmly  connected 
to  the  nanotube,  where  the  deposition  process  has  clearly  pinched  the  carbon  nanotube  at  the 
intersectingon.  We  have  previously  reported  gold  deposition  in  ESEM  used  for  highly 
conductive  and  mechanically  strong  soldering  of  carbon  nanotubes  on  microelectrode  surfaces 
[3].  The  results  presented  here  further  indicate  that  electron  beam  deposition  in  an 
environmental  SEM  can  be  used  to  wire-bond  nanostructures  and  to  fabricate  free-standing 
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Figure  2:  TEM  image  of  a  gold  core.  The 
lattice  pattern  extends  for  tens  of  nanometers 
(the  white  line). 


Figure  3:  Wires  (1)  deposited  by  scanning 
the  electron  beam.  The  deposition  started  on 
the  freely  hanging  carbon  nanotube  (2). 
Contamination  layers  cover  the  nanotubes 
and  depositions  (3) 
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Granular  magnetic  materials  exhibiting  giant  and  negative  magnetoresistence  (GMR)  - 
discovered  in  1992  [1,2]-  have  attracted  much  attention  in  recent  years.  These  materials 
consist  of  ferromagnetic  nanoparticles,  usually  of  Co  or  Fe  embedded  in  a  nonmagnetic 
metallic  matrix  (typically  Cu,  Ag  or  Au).  In  zero  magnetic  field,  when  magnetic 
moments  of  the  particles  are  not  aligned  (e.g.  oriented  randomly)  the  resistivity  of  the 
material  is  high.  When  the  external  magnetic  field  aligns  these  moments,  the  resistivity 
decreases  like  in  the  early  discovered  multilayered  GMR  materials  [3].  The  effect  is 
large  and  almost  independent  of  the  magnetic  filed  direction. 

In  this  work,  the  magnetoresistence  and  the  structure  of  conventionally  annealed  melt- 
spun  Cu/oo-xCox  (A"=  10  and  15)  alloys  are  studied.  The  samples  were  isothermally 
annealed  in  vacuum  at  the  temperature  of  475  °C  and  525  °C  for  1  hour  in  order  to 
achieve  the  optimum  GMR  effect.  Transmission  Electron  Microscopy  (TEM) 
observation  in  the  annealed  samples  revealed  the  presence  of  particles  with  the  mean 
size  of  a  few  nanometers.  For  the  majority  of  the  particles,  the  size  distribution  is  not 
very  wide  but  a  number  of  much  large  particles  are  also  seen  in  TEM  micrographs.  It 
has  been  found  essential  differentiation  of  the  particles  are  also  present)  in  the  as- 
quenched  samples,  whereas  the  annealing  results  in  the  formation  of  small  fee -Co 
crystallites.  The  magnetoresistence  ratio  AR/R  was  measured  by  means  of  a  DC- 
conventional  four-wire  method  under  magnetic  field  up  to  15  KOe  applied  in  the  ribbon 
plane,  perpendicular  to  the  direction  of  electric  current  flowing  along  the  sample. 
Changes  in  AR/R  up  to  4,5%  has  been  obtained.  Promising  results  for  future 
applications  were  obtaining. 
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The  discovering  of  intrinsic  conductivity  in  organic  polymeric  materials,  intrinsically 
conducting  polymers  (ICPs),  open  new  possibilities  for  the  development  of  molecular 
electronics.  This  increasing  interest  leads  to  coordinate  scientific  research  community 
efforts  in  order  to  develop  new  and  multifunctional  materials.  ICPs  have  been  applied  in 
different  fields,  such  as  electrostatic  charge  dissipation  (ESD),  electromagnetic 
interference  shielding  (EMI),  metallisation  of  printed  circuits  board,  conductive  fabrics, 
sensors,  etc.  In  this  work,  we  have  focused  our  research  in  chemically  synthesized 
polypyrrole  (PPy).  The  advantage  of  chemically  synthesized  ICPs  is  the  possibility  of 
obtaining  bulk  quantities  for  industrial  applications.  By  combining  in  a  single  material 
the  electrical  conductivity  of  ICPs  and  the  magnetic  properties  of  micro/nanopowder 
ferrites,  new  multifunctional  materials  could  be  developed. 

A  wide  range  of  conductivity  in  ICPs  can  be  obtained  from  different  reaction  conditions 
[1].  Here,  we  have  selected  appropriate  chemical  synthesis  conditions  to  obtain  PPy 
with  electrical  conductivity  of  160±4  S/cm,  as  measured  by  the  four  point  probe 
method.  This  material  was  physically  processed  with  micro/nanopowder  ferrites 
(CoiFe204  composition)  obtained  by  the  microemulsion  method  [2].  These  physically 
mixed  materials  were  compared  with  a  CoiFe2C>4-PPy  composite  (electrical 
conductivity  1 1 1±7  S/cm).  The  composite  material  was  prepared  in  two  steps: 

a)  microemulsion  synthesis  of  micro/nano-CoiFe204  particles  and, 

b)  chemical  polymerization  of  PPy  over  these  particles. 

The  microstructural  behavior  of  the  PPy-covered  CoiFe204  particles  has  been  studied 
by  X-ray  diffraction  (DRX)  and  transmission  electron  microscopy  (TEM)  to  understand 
the  magnetic  nanoparticle-conducting  polymer  interphase  region.  The  microstructure  of 
the  sample  has  been  correlated  with  the  magnetization  measurements  performed  at  1 
Tesla  from  nearly  0  K  to  ambient  temperature  in  a  vibrating  sample  magnetometer 
(VSM). 
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ELECTROCHEMICAL  CHARACTERIZATION  OF  SINGLE 
WALLED  CARBON  NANOTUBES  AND  POLYPYRROLE 
COMPOSITES  AS  ELECTRODES  IN  SUPERCAPACITORS 
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Carbon  nanotubes  are  attractive  materials  to  be  used  as  electrodes  of  electrochemical 
energy  storage  devices,  such  as  Li-ion  secondary  batteries,  hydrogen  storage  for  fuel 
cell  and  supercapacitors  due  basically  to  their  superb  characteristics  of  chemical 
stability,  low  mass  density  and  large  surface  area.  In  this  work,  the  use  of  Carbon 
Nanotubes  and  Polypyrrole  composites  as  electrodes  for  supercapacitors  is  investigated. 
An  improvement  of  capacitance  is  expected  by  the  preparation  of  these  composites. 
Such  a  modification  will  supplies  apart  from  electrostatically  charges  accumulation  also 
faradaic  pseudocapacitance  effects. 

With  this  aim,  Single  Walled  Carbon  Nanotubes  (SWNTs)  were  obtained  by  means  of 
electric  arc-discharge[l].  Several  electrodes  of  SWNT/PPy  composite  are  fabricated  to 
improve  the  specific  capacitance  of  pure  SWNT.  In  our  experimental  procedure,  SWNT 
are  coated  with  high  conductivity  Ppy  (200  S/cm)  by  in  situ  chemical  polymerisation  of 
Pyrrole[2],  Morphological  characterisation  of  as  grown  SWNT  and  composites  has  been 
done  with  high-resolution  transmission  electron  microscopy  (TEM)  and  Raman 
spectroscopy. 

Electrodes  for  supercapacitors  were  formed  by  pressing  a  mixture  of  composite  material 
and  a  binding  agent  (polyvinylidene  fluoride,  PVDF).  Two  identical  electrodes  were 
separated  by  a  porous  thin  polymer  (Celgard  3401,  Hoechst)  soaked  in  7.5N  KOH.  To 
evaluate  the  specific  capacitance  values  of  the  SWNT/PPy  nanocomposites  electrodes, 
galvanostatic  charge-discharge  cycling  test,  cyclic  voltammetry  and  an  ac  impedance 
test  were  performed. 

The  SWNT-PPy  composite  electrodes  show  higher  specific  capacitances  than  as  grown 
SWNT  electrodes  (See  Fig.  1).  Long  durability  (over  2000  cycles)  was  obtained  for 
such  electrodic  materials.  Coating  by  PPy  increases  the  specific  capacitance 
demonstrating  a  synergy  between  the  two  components  of  composite. 
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Fig.  1.-  Supercapacitors  Capacitances  as  function  of  cycle  number 
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Optical  interferometry  has  been  a  classical  method  in  metrology,  commonly  used  for  measurement 
and  testing  with  micrometer  accuracy.  Even  in  nanometrology,  optical  interferometry  is  nowadays  a 
main  tool  for  measurement  and  testing,  but  in  order  to  increase  the  sensitivity  and  accuracy,  one  use 
phase-shift  interferometry  or  multiple  wavelength  interferometry  and  of  course,  advanced  means  for 
detection  and  information  processing  [1].  In  any  case  the  accuracy  on  measuring  lengths  or 
wavelengths  depends  on  the  accuracy  one  can  determine  the  fringe  spacing  and  the  fringe  position. 
Many  authors  report  in  their  paper  statements  like  this:  “We  get  the  fringe  spacing  with  a  relative 
accuracy  of  1/1000”  without  any  justification. 

Our  paper  states  out  the  highest  degree  of  accuracy  that  one  can  actually  get  by  measuring 
interference  fringes  that  are  digitally  recorded  and  affected  by  statistical  noise. 

For  example  in  case  of  a  digitized  ID  sequence  of  straight,  equispaced  fringes  with  N  samples: 


lm  =I0  +  /,  -  cos - N f-m  +  <p  ,  w  =  0,1,..., /V  - 1 

\N  , 


we  have  found  by  analytical  calculus  [2,  3]  that  the  number  of  fringes  Nf  and  the  phase  parameter  tp 
can  be  determined  with  the  following  statistical  uncertainties: 


erl  -  6/  n2f[N,  o\=g)-2H]N 


assuming  that  there  are  additive  gaussian  noise  with  0  mean  and  cr2  variance  in  the  image  of  the 
fringe  pattern.  The  relative  statistical  error  of  the  adimensional  parameter  Nf  is  the  same  as  that  of 
the  fringe  spacing.  We  created  computer  programs  for  fringe  processing  based  on  least  squares 
fitting  or  discrete  Fourier  analysis  [2,  3].  We  proved  the  theoretical  results  (2)  by  statistically 
processing  the  results  of  a  lot  of  simulated  fringe  patterns  (100000)  and  we  concluded  that  these 
formulas  estimate  well  the  actual  uncertainties  in  fringe  processing  if  the  fringe  pattern  contains  at 
least  3  sine  fringes  (1)  or  15-20  not  harmonic  fringes  (Fabry  Perot),  which  may  have  as  well  not 
uniform  contrast.  The  statistical  errors  (2)  do  not  depend  on  the  number  of  fringes  if  the  sampling 
doesn’t  go  fewer  than  8  samples  for  fringe  spacing.  Another  conclusion  is  that  just  the  sine,  straight 
and  equispaced  fringe  pattern  are  the  most  suitable  for  measuring  wavelength  /  displacement  with 
maximum  accuracy. 

As  an  application  we  design  an  interferometer  for  measuring  wavelength  /  displacement  with 
relative  accuracy  of  10'u,  that  being  the  accuracy  of  specifying  the  international  etalon  of  meter 
nowadays.  We  choose  a  Murty  interferometer  in  a  setup  that  provides  straight  equispaced  fringe 
pattern:  a  few  minutes  optical  wedge  whose  faces  make  up  an  optical  path  8.  Determining  the 
number  of  fringes  N/we  can  get  the  wavelength  X  relative  to  a  reference  wavelength  7.o  of  an  etalon 
source  which  makes  a  fringe  pattern  with  Njn  fringes.  The  accuracy  get  by  now  is  not  so  good,  but  it 
can  be  improved  using  as  well  the  phase  parameter  <p  and  designing  the  interferometer  to  work  at 
high  interference  order.  Firstly  we  get  a  coarse  value  X  of  the  wavelength  based  on  the 
proportionality  between  fringe  spacing  and  wavelength.  Then  we  compute  the  interference  order  k 
and  at  last  we  get  the  wavelength  X  with  increased  accuracy: 


X  =  Nfa-^INf,  k  =  [d!X  1  A  = 


2  kx  +  <p 
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Hence,  the  larger  the  interference  order  k  is,  the  better  the  accuracy  of  wavelength  will  be.  The 
interference  order  k  cannot  be  increased  indefinitely,  but  as  long  as  can  be  determined  with  an 
accuracy  of  one  unit,  using  the  fringe  number  Nf. 


Thus  we  have  found  the  accuracy  limit  on  measuring  the  wavelength  using  the  whole  information 
contained  in  the  straight  equispaced  fringe  pattern  with  V  samples. 

Assuming  a  sampling  rate  of  20  samples  on  a  fringe  spacing  (N/=N/ 20)  and  a  relative  noise  of  5% 
(<j,//i  =0.05),  the  wavelength  can  be  measured  with  a  relative  accuracy  of  10'"  only  if  the  input 
data  has  at  least  /V=30000  samples.  Instead  of  a  ID  sampled  sequence,  we  can  equivalently  process 
a  2D  image  having  the  same  number  of  samples.  When  building  the  interferometer,  to  ensure  this 
accuracy  we  should  use  a  10  time  better  sampling,  for  example  a  CCD  with  0.3  Mpixels  (640 
x480). 

The  same  interferometer  can  measure  as  well  displacements  with  the  same  relative  accuracy,  but 
only  using  the  parameter  <p  because  the  number  of  fringes  Nf  gives  not  any  information  about 
displacement  (it  depends  only  on  the  wedge  angle).  By  automatic  fringe  counting  one  can  measure 
large  displacements. 

For  measuring  fixed  lengths  we  should  design  another  type  of  interferometer,  one  witch  gives  rings 
of  Jamin  or  Newton’s  type,  because  these  fringe  patterns  contain  information  for  precise  length 
measuring  [4],  without  need  of  displacements  and  fringe  counting.  As  light  source  we  should  use 
the  best  stabilized  He-Ne  laser  (A.=632.99 139822  nm),  which  is  one  of  the  radiation  source 
recommended  by  the  “Bureau  International  des  Poids  et  Measures”  (Paris)  to  be  used  as  maximum 
precision  etalon. 

We  shall  provide  analytical  expressions  for  the  statistical  errors  on  processing  these  fringe  patterns 
that  would  be  useful  to  design  the  corresponding  interferometers  as  we  have  already  showed  in  case 
of  straight  equispaced  fringe  pattern. 


=  k.-^<  1 
Nr 


%/3 


2k  Nf  k2N  ■  Nj  /, 


(4) 
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rings  fringe  pattern”,  Volume  SPIE  4430,  pp  835-841,  2001 
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LOCAL  ELECTRONIC  CHARACTERIATION  OF  CONJUGATED 
POLYMER  FILMS  USING  CONDUCTING-PROBE  ATOMIC  FORCE 

MICROSCOPY 

Garret  O’Brien.  Aidan  Quinn,  Gareth  Redmond. 

Nanotechnology  Group,  NMRC,  Cork,  Ireland. 

Conjugated  polymers  have  recently  emerged  as  promising  new  materials  with  respect  to  their 
potential  for  application  in  photonic  devices  such  as,  light  emitting  diodes  (LEDs), 
photodiodes,  photovoltaics  and  displays.  Correlation  of  local  electronic  properties  with  film 
morphology  is  a  key  challenge  to  be  addressed  in  order  to  understand  (and  therefore  control) 
charge  injection,  transport  and  recombination  since  it  is  becoming  increasingly  clear  that 
device  performance  is  strongly  affected  by  film  morphology  and  preparation  conditions.  To 
date,  investigation  of  charge  transport  in  these  materials  has  mostly  been  limited  to  bulk 
devices,  in  the  simplest  case  consisting  of  a  polymer  layer  —  1 00  nm  thick  sandwiched 
between  two  metallic  electrodes. 

Recently,  Alvarado  et  al.1  reported  a  Scanning  Tunneling  Spectroscopy-based  method  which 
can  be  used  to  determine  the  threshold  voltages  (above  and  below  the  Fermi  energy)  for 
charge  injection  into  polymer  films  ~  3  nm  thick,  corresponding  to  the  electron-  and  hole- 
polaron  energy  levels.  The  single-particle  energy  gap  between  these  levels,  Egsp,  can  be  used 
(in  conjunction  with  optical  absorption  data)  to  determine  the  exciton  binding  energy,  Eb,  for 
the  material,  a  key  parameter  for  electroluminesence.  However,  this  method  does  not  allow 
reliable  characteristion  of  the  polymer  film  morphology. 

We  present  a  more  flexible  method,  Conducting-Probe  Atomic  Force  Microscopy  (CP-AFM), 
which  is  used  as  a  local  probe  of  both  the  morphology  and  charge  injection  characteristics  of 
spin-cast  polymer  films  (Scheme  1).  We  apply  this  technique  to  films  with  thicknesses 
comparable  to  those  used  in  bulk  devices.  Silicon  wafers  with  a  100  nm  thick  evaporated  gold 
electrode  were  used  as  substrates.  MEH-PPV  films  were  spun  onto  the  substrates  in  a  nitrogen 
glovebox  with  sub-ppm  levels  of  oxygen  and  water,  followed  by  a  mild  anneal  (50  °C)  under 
vacuum.  AFM  measurements  were  made  under  high  vacuum  (10  6  mbar)  using  commercial 
metal-coated  tapping  mode  AFM  probes. 

CP-AFM  studies  of  60  nm  MEH-PPV  films  show  smooth  morphologies  (rms  roughness  3.6 
nm  for  a  1  pm2  area).  Tip-height  vs  bias  voltage  (z-V)  sweeps  taken  at  constant  tunnel  current 
show  clear  charge  injection  thresholds  at  both  positive  and  negative  bias  (Figure  1).  Statistical 
analysis  of  measured  single-particle  gap  energies,  Egsp,  shows  a  distribution  across  the  surface 
with  peaks  corresponding  to  exciton  binding  energies  of  100  meV  and  400  meV  respectively 
(Figure  2).  Analysis  of  measured  Egsp  values  for  MEH-PPV  films  prepared  under  ambient 
conditions  show  a  large  density  of  mid-gap  states  confirming  that  the  preparation  route  is 
critical  for  these  devices. 

In  conclusion,  we  have  characterised  the  local  morphology  and  electronic  characteristics  of 
device-like  MEH-PPV  films  using  a  unique  combination  of  nanoscale  imaging  and 
spectroscopy.  Future  work  will  focus  on  correlation  of  the  electro-optic  properties  of 
conjugated  polymer  films  with  film  morphology  and  preparation  conditions. 


1  S.F.  Alvarado  et  al.,  Phys.  Rev.  Lett.  81,  1082,  (1998). 
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Scheme  1.  zV  measurement  using  CP-AFM  to  probe  carrier  injection  thresholds  in  a 
conjugated  polymer  film. 


Substrate  Bias  (V) 

Figure  1.  zV  data  measured  for  a  60  nm  thick  MEH-PPV  film  (zV  data  measured  for  a  bare 
Au  substrate  shown  in  red). 
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Figure  2.  Statistical  analysis  of  measured  single-particle  gap  energies,  Egsp,  for  a  60  nm 
thick  MEH-PPV  film.  Optical  absorption  threshold,  Ea,  acquired  from  UV-Vis 
spectra.  Ei  and  E2  denote  exciton  binding  energies  values,  Eb,  of  100  meV  and  400 
meV  respectively. 


166  TNT2003 


September  15-19,  2003 


Salamanca-Spain 


Poster 


QUANTUM  SIZE  EFFECTS  IN  Pb  NANOISLANDS  GROWN  ON  Cu(lll) 

E.  Ogando1,  N.  Zabala1,2,  E.  V.  Chulkov2'3,  M .J.  Puska4 
^lektrika  eta  Elektronika  Saila,  UPV-EHU  644  P.K.,  48080  Bilbao,  Spain 
2Donostia  International  Physics  Center  (DIPC)  and  Centro  Mixto  CSIC-UPV/EHU  1072 

P.K.,  20080  Donostia,  Spain 

3Departamento  de  Fisica  de  Materiales,  Facultad  de  Ciencias  Quimicas,  UPV-EHU 

20018  Donostia,  Spain 

4Laboratory  of  Physics,  Helsinki  University  of  Technology,  P.O.Box  1 100,  FIN-02015 

HUT,  Finland 
E-mail:  eoa@we.lc.ehu.es 


Metallic  slabs  grown  on  different  kind  of  surfaces  exhibit  quantum  well  states  (QWS) 
[1].  In  particular,  Pb  layers  deposited  on  Cu(l  1 1)  show  these  QWS’s  trapped  between  the 
Cu-Pb  interface  (due  to  the  energy  band  gap  of  Cu  in  the  (1 1 1)  direction)  and  vacuum. 
The  discrete  electronic  structure  of  these  slabs  plays  an  important  role  in  the  energy  of 
the  system,  being  responsible  for  the  higher  stability  of  some  islands  heights.  This  effect 
has  been  observed  in  STM  experiments,  as  the  frequent  appearance  of  islands  of  magic 
heights  [2], 

Quantitative  analytical  models  and  self-consistent  electronic  calculations  of  free-standing 
slabs  have  been  used  to  enlighten  the  origin  of  this  height  selection:  when  the  energy  of  a 
Pb  discrete  state  lies  at  the  Fermi  level  its  high  density  of  states  destabilizes  the  slab,  favor¬ 
ing  the  evolution  into  another  configuration.  In  this  study,  we  perform  electronic  structure 
calculations  within  the  Density  Functional  Theory  and  using  a  simple  one-dimensional 
model  that  reproduces  the  physical  features  of  the  real  system.  One  of  the  main  advan¬ 
tages  of  this  model  is  that  we  take  into  account  the  effect  of  the  Cu  substrate,  neglected  in 
previous  electronic  structure  calculations.  We  focus  on  the  properties  related  to  the  Pb-Cu 
interface  and  the  stability  of  the  nanoislands  through  the  total  energy  calculations. 

The  lateral  size  of  the  Pb  islands  is  so  big  that  they  can  be  modeled  as  infinitely  ex¬ 
tended  slabs  of  desired  monolayers  height.  Then,  we  have  solved  self-consistently  the 
Kohn-Sham  equations  (using  the  real  space  MIKA  code  [3])  for  the  direction  perpendic¬ 
ular  to  the  slab,  2.  We  have  modeled  the  Pb  slab  with  stabilized  jellium,  the  free  electron 
character  of  Pb  at  Fermi  level  justifies  this  election.  For  Cu  potential  we  have  used  a 
^-dependent  pseudopotential,  by  unscreening  the  potential  of  ref.  [4],  which  reproduces 
correctly  the  Fermi  level  and  the  energy  band  gap  of  Cu  in  the  (1 1 1)  direction. 

In  fig.  1  we  show  the  energy  oscillations,  multiplied  by  the  Pb  thickness  in  order  to 
amplify  the  oscillation  amplitude  and  make  them  more  clear.  Note  that,  when  selecting 
the  energy  corresponding  to  an  integer  number  of  monolayers,  we  obtain  a  shell  and  su¬ 
pershell  structure,  similar  to  the  one  found  in  clusters  and  nanowires  [5,6].  For  slabs  the 
mechanism  for  the  appearance  of  the  supershell  structure  is  the  mismatch  between  the 
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electrons  Fermi  wavelength  and  the  atomic  layers  width.  An  energy  minima  can  be  re¬ 
lated  to  more  stable  islands,  and  in  the  figure  they  show  a  very  good  correspondence  with 
the  most  probable  measured  island  heights  [2],  The  behavior  of  the  electrons  at  the  Cu-Pb 
interface  and  the  reliability  of  other  simple  models,  as  the  soft-well  potentials,  have  been 
studied. 

In  conclusion,  we  have  shown  that  our  calculation  leads  to  good  agreement  with  recent 
experiments  [1,2].  Although  the  physical  mechanism  for  the  appearance  of  magic  heights 
in  nanoislands  can  be  explained  using  free-standing  slabs,  the  interactions  between  the 
Cu  substrate  and  the  Pb  layers  have  to  be  taken  into  account:  our  calculations  for  the 
unsupported  Pb  layers  gives  significantly  worse  results. 
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Figure  1:  Energy  oscillations  times  the  Pb  thickness  as  a  function  of  the  Pb  thickness 
(dotted  line).  The  energy  for  the  discrete  monolayers  has  been  selected  (continuous  line). 
The  arrows  point  out  the  measured  most  probable  island  heights  [2].  The  dashed  line  is 
plotted  as  a  guide  to  the  eye  to  show  the  shell  and  supershell  structure. 
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ENHANCED  PHOTOTHROMBIC  ACTIVITY  OF 
PHOTOSENSITIZERS  BY  NANOENCAPSULATION  STRATEGIES 

B.  Pegaz,  Y.N.  Konan,  E.  Debefve,  J-P  Ballini  and  H.  van  den  Bergh 
Institute  of  Environmental  Engineering,  Swiss  Federal  Institute  of  Technology  (EPFL),  CH-1015 
Lausanne,  Switzerland.  E-mail:  bernadette.pegaz@epfl .ch 


Introduction 

Photodynamic  therapy  (PDT)  is  a  new 
treatment  of  choroidal  neovacularization 
associated  to  age-related  macular 
degeneration  (AMD)  based  on  the  combined 
use  of  light  and  photosensitizing  agents  [1]. 
Owing  to  the  lack  of  selectivity  of  the  commonly 
used  photosensitizers  for  the  treatment  of 
AMD,  it  is  of  utmost  importance  to  find 
innovative  pharmaceutical  formulations  such  as 
nanoparticles  for  improving  the  targeting  ability 
of  the  photosensitizers  and  enhancing  their 
photothrombic  activity.  In  the  present  work, 
using  chick’s  chorioallantoic  membrane  (CAM) 
vasculature  as  in  vivo  model,  organic 
nanoparticles  loaded  with  photosensitizer  such 
as  chlorin  e6  were  investigated  in  terms  of 
pharmacokinetics  and  photothrombic  activity  in 
comparison  with  free  dye. 

Materials  and  methods 

Photosensitizer 

Chlorin  e6  was  obtained  from  Porphyrin 
Products  (Frontier  Scientific,  Logan,  USA).  The 
solution  of  chlorin  e6  (1  mg/ml)  was  freshly 
prepared  by  dissolving  in  dimethylsulfoxide 
(Sigma-Aldrich,  Steinheim,  Germany). 

Nanoparticle  preparation  and 

characterization 

Poly(D,L-lactid  acid)  provided  by  Boehringer 
Ingelheim  (Ingelheim,  Germany)  was  used  as 
biodegradable  polymer.  The  nanoparticles 
were  prepared  using  the  emulsification- 
diffusion  technique  as  previously  described  [2]. 
Briefly,  an  organic  phase  consisting  of  polymer 
and  chlorin  e6  dissolved  in  benzyl  alcohol  were 
emulsified  with  an  aqueous  solution  of 
poly(vinyl  alcohol)  (17  %  (m/m)).  Then,  distilled 
water  were  added  to  the  resulting  emulsion  in 
order  to  allow  complete  diffusion  of  the  benzyl 
alcohol  into  the  aqueous  external  phase, 
leading  to  the  formation  of  nanoparticles.  The 
particle  suspensions  were  purified  by  cross- 
flow  filtration  using  a  Sartocon®  Slice  device 
fitted  with  an  ultrafiltration  membrane 
(Sartorius,  Goettingen,  Germany).  After  the 
addition  of  trehalose  to  the  particle 
suspensions  (trehalose.nanoparticles  mass 
ratio  of  2:1)  were  frozen  and  freeze-dried  at 
0.001  mbar  in  a  Lyolab  Cll  (Secfroid, 
Switzerland).  The  particle  mean  size  and  the 
polydispersity  index  were  assessed  by  photon 
correlation  spectroscopy  using  a  Zetasizer 


5  000  (Malvern,  Worcesterhire,  England).  The 
chlorin  eg  content  and  entrapment  efficiency 
were  determined  spectrophotometrically  at  653 
nm  (Spectrophotometer  HP8452,  Hewlett- 
Packard  GmbH,  Waldbronn,  Germany). 

CAM  preparation 

For  pharmacokinetics  and  PDT  studies, 
fertilized  chicken  eggs  were  disinfected, and 
transferred  into  a  hatching  incubator  set  at 
37° C  and  60  %  humidity  and  equipped  with  an 
automatic  rotator  (SARL  SAVIMAT,  Chauffry, 
France).  On  the  third  day  of  embryo 
development  (EDD),  an  approximately  3  mm 
diameter  hole  was  bored  into  the  eggshell  at 
the  narrow  apex  and  covered  with  self- 
adhesive  tape.  Egg  incubation  was  then 
continued  in  a  static  position.  On  EDD13,  the 
holes  were  extended  to  a  diameter  of  about  3 
cm  and  the  embryos  were  placed  under  an  epi- 
fluorescence  microscope  (Olympus). 

Fluorescence  pharmacokinetics 

The  fluorescence  pharmacokinetics  was 
performed  as  previously  described  [3],  Briefly, 
a  volume  of  10  pi  containing  an  adequate 
amount  of  the  PS  was  injected  intravenously 
under  a  microscope.  Fluorescence  imaging 
was  performed  using  the  excitation  filtered  light 
of  a  Hg-arc  lamp  at  420  ±  20  nm  and  emission 
filter  700  nm  long-pass  during  approximately  30 
minutes  at  regular  time  intervals.  Quantitative 
fluorescence  images  of  the  CAM  surface  were 
recorded  as  a  function  of  time.  The  evolution  of 
fluorescence  intensity  in  the  blood  circulation 
was  followed  up  after  injection.  The  time- 
dependent  evolution  of  the  fluorescence 
intensity  inside  the  blood  vessels  (tin)  with 
respect  to  the  surrounding  tissue  (l0ut)  was 
expressed  by  means  of  normalized 
photographic  contrast  CPh0i, 

Cphot  =  (lin-lc.,t)/[(lin+l  out)  X  Cphot, max] 

Wherein  Cphot, max  represents  the  highest 
photographic  contrast  following  administration. 

Phototoxicity  assays 

On  EDD  13,  eggs  were  placed  under  the 
microscope  and  the  treatment  area  was 
defined  by  placing  a  small  Teflon  ring  on  the 
CAM.  Prior  to  injection,  an  autofluorescence  of 
CAM  surface  was  recorded.  The  injection  of  the 
dye  was  performed  directly  under  the 
microscope  and  its  distribution  was  controlled 
by  fluorescence  microscope.  After  homogenous 
distribution  of  the  photosensitizer  within  the 
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blood  circulation,  PDT  was  performed  using  a 
filtered  Hg-arc  lamp  at  420  +  20  nm  at  a  fluence 
rate  of  141  mW/cm2.  For  each  drug  dose,  light 
doses  ranging  from  5  to  20  J/cm2  were  applied 
to  the  CAM.  Then,  the  eggs  were  covered  with 
a  cling  foil  and  returned  to  the  incubator  for  24 
hours.  Twenty-four  hours  post-irradiation, 
vascular  occlusion  was  controlled  by  means  of 
fluorescence  angiography,  performed  by 
injection  of  10  pi  of  sulforhodamine  101  (5 
mg/ml.)  Fluorescence  angiographies  pre-  and 
post-  PDT  were  compared  and  scored 
according  the  arbitrary  score  (Table  1). 


Table  1:  Damage  criteria  for  photosensitizer  with 
irradiation. 


Damage 

scale 

Criterion 

an 

No  damage. 

1 

Partial  closure  of  capillaries  (0  <  10  pm). 

Closure  of  capillaries,  partial  closure  of 

ns 

blood  vessels  (0  <  30  pm)  and  size 

reduction  of  bigger  blood  vessels. 

WnM 

Closure  of  vessels  (0  <  30  pm)  and  partial 

closure  of  bigger  vessels. 

SSK1 

Total  closure  of  vessels  (0  <  70  pm)  and 

partial  closure  of  bigger  vessels. 

mm 

Total  occlusion  of  the  irradiated  area 

Results  and  discussions 
Fluorescence  pharmacokinetics 

The  nanoparticulate  formulation  was  tested  in 
the  CAM  model  with  respect  to  its  extravasation 
in  comparison  with  free  chlorin  e6  solution.  It 
can  be  seen  from  Fig.  1  that  over  a  period  of 
more  than  20  minutes  the  chlorin  e6  -loaded 
nanoparticles  stay  intravascular  after  a  short 
dilution  period,  while  free  chlorin  e6 
fluorescence  decreases  over  the  entire  time 
period.  Thus,  the  risk  to  damage  neighboring 
structures  in  the  case  of  PDT  of  AMD  is 
strongly  decreased.  Leakage  of  chlorin  e6  from 
vessels  can  be  avoided  by  using  biodegradable 
nanoparticulate  carriers;  therefore  increased 
selectivity  of  photodynamic  therapy  can  be 
achieved. 


Time  {s) 

Figure  1:  Leakage  of  chlorin  e6-loaded  nanoparticles 
(-0-)  as  compared  to  free  dye  -□-)  as  measured  by 
means  of  fluorescence  contrast  in  the  CAM  model. 


PDT  assays 

The  photothrombic  activity  of  both  chlorin  e6- 
loaded  nanoparticles  and  free  dye  was 
evaluated  by  varying  drug  concentration  and 
light  dose.  As  shown  in  Fig. 2,  the  desired 
vascular  stasis  and  occlusion  were  observed 
when  nanoparticles  were  used  at  drug 
concentration  and  light  dose  up  to  1  mg/kg  and 
10  J/cm2,  respectively.  In  contrast,  at  these 
experimental  conditions,  free  chlorin  e6  solution 
exhibited  no  significant  vascular  effect.  The 
relatively  low  drug  concentrations  required  to 
induce  satisfactory  vascular  effects  indicate 
that  nanoparticulate  formulation  offer  superior 
photothrombic  efficacy.  Furthermore,  similar 
results  were  obtained  in  preliminary  studies 
performed  with  pheophorbide  a  encapsulated 
into  organic  nanoparticles  (data  not  shown). 
These  results  encourage  the  production  of 
more  complex  nanostructures  with  capabilities 
such  as  specific  drug  delivery. 


Figure  2:  Photodynamic  activity  of  nanoparticles  loaded 
with  chlorin  e6  (black  bars)  compared  to  free  dye  (white 
bars) 

Conclusions 

In  this  study,  we  demonstrated  that  the 
encapsulation  of  PS  into  organic  nanoparticles 
should  be  considered  as  an  effective  strategy 
for  improving  the  photothrombic  activity  of 
these  dyes  on  CAM  model.  The  relatively  low 
drug  concentration  and  light  dose  required  to 
induce  satisfactory  vascular  damage  indicate 
that  these  formulations  offer  superior 
photoactivity.  Thus,  an  enhancement  of 
phototherapeutic  index  of  photosensitizing 
agents  can  be  obtained.  Furthermore,  the  risk 
to  damage  neighboring  structures  in  the  case 
of  PDT  of  AMD  is  strongly  decreased  since 
leakage  of  chlorin  e6  from  vessels  can  be 
avoided  by  using  biodegradable 
nanoparticulate  carriers. 
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Since  the  work  by  L.  Esaki  and  R.  Tsu  [1],  important  quantum  effects  such  as  Bloch 
oscillations,  Wannier-Stark  localization  and  formation  of  electric  field  domains  have  been 
observed  in  semiconductor  superlattices  [2], 

Electronic  transport  in  superlattices  is  well  described  by  rate  equations  in  two  different  limits, 
miniband  transport  (which  is  appropriate  for  strongly  coupled  SL),  and  sequential  tunneling 
(for  weakly  coupled  SL)  [3,  4].  In  general,  these  models  should  be  justified  by  a  derivation 
from  the  semiclassical  Boltzmann  equation  or  from  quantum  kinetics  (using  Density-Matrix, 
Green  Functions,  or  Wigner  Function  formalisms)  [3].  Rate  equation  models  can  be  analyzed 
and  simulated  in  detail,  and  they  describe  very  rich  dynamical  behavior,  including  self- 
sustained  oscillations,  diferent  kind  of  bifurcations,  and  driven  and  undriven  chaos  [4]. 

A  drift-diffusion  model  of  miniband  transport  in  strongly  coupled  superlattices  is  derived 
from  the  single-miniband  Boltzmann-Poisson  transport  equation  in  the  relaxation  time 
aproximation.  We  use  a  consistent  Chapman-Enskog  method  to  analyze  the  hyperbolic  limit 
at  which  collision  and  electric  field  terms  dominate  the  others  terms  in  the  Boltzmann 
equation.  The  reduced  equation  is  of  the  drift-diffusion  type,  but  diffusion  and  drift  do  not 
obey  the  Einstein  relation  except  in  the  limit  of  large  temperatures  compared  to  miniband 
width.  Analytical  derivation  is  supported  with  numerical  calculations  to  justify 
approximations. 
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The  quantum  properties  of  the  radiation  emited  by  a  quantum  dot  (QD) 
in  a  microcavity  is  investigated.  The  QD  is  described  by  a  two  level  system  in  strong 
coupling  with  one  cavity  mode.  We  include  dissipation  and  incoherent  pumping 
contributions  by  coupling  to  photons  and  phonons  reservoirs  respectively. Both, 
espontaneus  emission  through  leaky  modes  and  transmision  of  cavity  modes  to  the 
external  photons  reservoir  have  been  considered. 

We  obtain  the  master  equations  of  this  system  and  solve  them  with  a 
Runge-Kutta  adaptative  step  size  method.  We  analyze  the  ocupations  of  states, 
coherences  (off  diagonal  terms),  the  average  number  of  photons  inside  the  cavity. 
Moreover,  the  second  order  correlated  function  at  zero  delay,  as  a  indication  of  the 
coherence  of  states  inside,  is  obtained,  finding  sub-poissonian  (maybe  squeezed 
states),  poissonian  (coherences  states)  and  super-poissonian  (clasical  states) 
distributions  depending  of  the  selected  range  of  parameters. 

In  order  to  compare  with  experiments,  we  use  the  quantum  regression 
theorem  to  get  the  first  order  correlated  function  as  a  function  of  the  delay.  Its  fourier 
transform  gives  the  intensity  of  emission,  I(w),  for  which  one  obtains  linewidths  and 
can  observe  detuninng  effects. 
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MAGNETIZATION  OF  AMORPHOUS  (Coo.sFeo.T^NbjCu.Sb .5B9 
RIBBON  AND  THEIR  EVOLUTION  AFTER  HEAT  TREATMENTS 
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Magnetization  measurements  by  magnetic  gravimetry  and  by  the  induction  method  were 
made  on  a  (CoojFeo.v^.sNbsCuiSiB.sBg  ribbon  as  quenched  and  after  annealings  during  one 
hour  at  300°C  and  400°C,  below  the  crystallization  temperature.  Analysis  by  X-ray 
diffraction  on  those  samples  were  performed  as  well. 

The  main  change  observed  in  the  magnetization  curves  after  the  annealing  process  was  the 
increasing  of  the  magnetization  saturation.  A  magnetic  softening  of  the  material  was  also 
observed  by  the  induction  method. 

The  thermomagnetic  analysis  of  the  annealed  sample  did  not  show  changes  in  the 

crystallization  process  but  only  in  the  magnetization  saturation. _ _ 

Nevertheless  the  X-ray  diffraction  analysis  of  the  samples  showed  a  low  intensity  peak  in  the 
case  of  the  annealing  samples  not  appearing  in  the  as-quenched  samples.  We  interpreted  this 
increasing  in  the  magnetization  saturation  as  due  to  a  nanocrystallization  process  after 
annealing. 
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COERCIVE  FIELDS  AND  MAGNETIC  ANISOTROPY  OF 
AMORPHOUS  CO-SI  FILMS  WITH  DILUTED  ARRAYS  OF 

ANTIDOTS 
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Patterned  magnetic  nanostructures  have  received  much  interest  in  recent  years  as  they 
provide  the  ability  to  control  and  design  the  magnetic  behavior  for  specific  applications,  as 
well  as  to  study  fundamental  magnetic  properties  [1].  Much  attention  has  been  devoted  to  the 
analysis  of  small  magnetic  particles  surrounded  by  non  magnetic  material.  However,  the 
reverse  structures,  i.e.  antidot  arrays  defined  over  continuous  magnetic  films,  present  potential 
advantages  for  magnetic  data  storage  [2]  and  offer  the  possibility  of  tailoring  the  properties  of 
the  continuous  film  such  as  coercivity  or  magnetic  anisotropy  [3].  In  this  work,  40  nm  thick 
amorphous  CoxSi|.x  films,  that  present  well-defined  in-plane  uniaxial  anisotropy  [4],  have 
been  patterned  with  arrays  of  antidots  by  electron  beam  lithography  and  plasma  etching  [5]. 
The  interplay  between  the  original  films  anisotropy  and  that  induced  by  the  demagnetizing 
fields  present  in  the  lithographically  defined  holes  has  been  studied  as  a  function  of  array 
symmetry  (square  or  rectangular)  and  antidot  shape  (circular  or  elongated). 

In  particular,  arrays  of  circular  and  elliptical  antidots  of  0.5  pm  -  5  pm  dimensions 
have  been  prepared  (see  Fig.  1),  with  center-to-center  interhole  distances  much  larger  than 
hole  dimensions,  so  that  it  is  a  diluted  regime  where  each  antidot  can  be  considered  as  an 
isolated  inclusion  in  the  homogeneous  film.  The  array  area  is  500  pm  x  500  pm.  The  antidot 
depth  can  be  controlled  and  varied  with  etching  time,  being  characterized  with  atomic  force 
microscopy  measurements  (Fig.  1). 

The  magnetic  behaviour  of  the  arrays  has  been  analyzed  by  magnetooptical  transverse 
kerr  effect  (MOTKE)  with  a  focused  laser  of  300  pm  in  diameter  in  an  experimental  setup 
that  allows  the  rotation  of  the  sample  respect  to  the  magnetic  field  as  well  as  the 
determination  of  the  sample  magnetization  vector.  Some  of  the  changes  observed  in  the 
patterned  structures  respect  to  the  continuous  amorphous  film  are:  moderate  increases  in 
coercivity  (Fig.  2),  and  magnetic  anisotropy  dominated  by  that  of  the  original  film  but  with 
significant  additional  contributions  due  to  the  shape  anisotropy  of  the  artificial  array.  It  can 
result  in  higher  anisotropy  fields  (Fig.  2)  or  strong  modifications  in  the  angular  dependence  of 
the  coercive  field  (Fig.  3),  that  can  be  interpreted  in  terms  of  the  presence  of  lithographically 
induced  anisotropy  directions. 
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Figures: 


x  {(im) 


Fig.  1:  Atomic  force  microscopy  (15  pm  x  1 1  pm)  images  of  (a)  a  circular  antidot  from  a 
rectangular  array  and  (b)  an  elliptical  antidot  from  a  square  array,  (c)  Depth  profile  across  the 
hole  in  panel  (a).  We  observed  that  the  holes  are  only  about  35  nm  depth. 
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Fig.  2:  MOKE  loops  for:  (a)-(b)  unpatterned  film;  (c)-(d)  square  lattice  (20  pm  x  20  pm)  of 
elliptical  holes  (5  pm  long  and  3.5  pm  wide)  in  a  array  of  500  pm  x  500  pm. 
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Fig.  3:  Angular  dependence  of  the  coercivity  for  magnetooptical  transverse  Kerr  effect 
hysteresis  loops.  Closed  circles,  unpatterned  film;  hollow  circles,  square  lattice  (20  pm  x 
20  pm)  of  elliptical  holes  (5  pm  long  and  3.5  pm  wide)  in  a  array  of  500  pm  x  500  pm. 
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Besides  the  conventional  waveguiding  effect,  due  to  contrast  of  refractive  indexes  between 
the  propagating  core  and  its  surrounding  media,  a  novel  technique  of  controlling  light  propagation 
relies  on  photonic  crystal  structures  [1].  Actually,  by  means  of  such  devices  it  is  possible  to  induce 
distributed  feedback  (DFB)  in  propagating  radiation,  thus  realizing  microcavities  and  solid  state 
lasers.  Moreover,  by  introducing  linear  defects  in  the  periodic  structure  of  the  photonic  crystal,  it  is 
possible  to  realize  optical  waveguides,  splitters,  bends,  to  address  the  electromagnetic  wave  towards 
specific  spatial  regions  [2].  This  approach  offers  several  advantages  with  respect  to  the  traditional 
one,  as  it  allows  a  perfect  integration  of  devices  into  planar  optical  circuits.  However  the  realization 
of  photonic  crystals  for  near  infrared  or  optical  wavelengths  needs  very  long  exposures  by  electron 
beam  lithography  so  that  novel,  faster  and  low-cost  lithographic  techniques  are  desirable. 

We  employ  mechanical  patterning  methods,  including  soft  hot  embossing  [3]  and 
nanoimprinting  lithography  [4],  to  fabricate  planar  photonic  crystal  structures  by  organic  materials. 
Our  devices,  presenting  periodicities  comprised  between  400  and  600  nm,  include  solid  state  DFB 
lasers  (Fig.  1  and  Fig.  2)  and  two-dimensional  photonic  crystals  (Fig.  3),  and  use  both  optically 
inert  polymer  matrices  and  light-emitting  compounds  exhibiting  optical  gain.  In  particular,  we 
report  about  organic  DFB  cavities,  whose  peak  wavelength,  A,„,  is  related  to  the  cavity  geometry  by: 
mAm  =  2neJyA  ,  where  nejf  indicates  the  effective  refractive  index  of  the  propagating  mode,  m  is  the 

diffraction  order,  and  A  is  the  periodicity  of  the  DFB  grating.  We  demonstrate  a  directly  printed 
DFB  laser,  exhibiting  single-mode  emission  at  630  nm,  with  a  full  width  half  maximum  (FWHM) 
of  about  1  nm  and  a  pump  threshold  of  650  |uJ/cm2  at  room  temperature.  The  mechanical 
lithography  processes  allow  a  high-fidelity  pattern  transfer  without  reducing  the  emission  yield, 
thus  opening  the  way  to  the  one-step  realization  of  organic-based  optoelectronic  devices.  With 
respect  to  conventional  parallel-mirror  cavities  [5],  this  approach  turns  out  to  be  strategic  for  the 
realization  of  organic  electrically  pumped  lasers,  as  the  electron-photon  coupling  is  directly  affected 
by  the  optical  mode  density. 
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Figures: 


FIG.  1 


FIG.  2 


Fig.  1.  Two-dimensional  view  of  a  patterned  oligothiophene  grating,  imaged  by  Atomic  Force 
Microscopy. 

Fig.  2.  DFB  emission  spectra  collected  at  different  absorbed  excitation  fluences.  Inset:  DFB  peak 
emission  intensity  vs.  fluence  of  the  absorbed  excitation  beam.  The  solid  line  is  a  linear  fit  to  the 
experimental  data. 

Fig.  3.  Two  (top)  and  three  (bottom)-dimensional  view  of  nanoimprinted  Poly(methylmethacrilate) 
photonic  crystal. 
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Modern  soft  lithography  techniques  [1],  including  capillary  force  microscopy  [2], 
micromolding  in  capillaries  [3],  and  nanoimprinting  [4],  allow  to  transfer  patterns  with  high 
resolution  (up  to  sub- 10  nm)  and  excellent  fidelity  onto  a  very  large  number  of  organic  compounds. 
We  employed  these  techniques  to  print  one-dimensional  nanostructures  with  sub-micron 
periodicity.  A,  onto  organic  films  of  several  different  light-emitting  materials  (Fig.  1).  We  studied 
and  compared  the  emission  and  absorption  properties  of  the  chromophores  before  and  after  the 
lithography  processes,  demonstrating  that  soft  techniques  actually  preserve  the  optical  properties  of 
light-emitting  molecules. 

In  particular,  we  investigated  the  photoluminescence  efficiency  of  different  compounds,  tjpl, 
by  placing  the  samples  into  an  integrating  sphere.  We  found  that  all  our  patterned  light-emitting 
materials  show  enhanced  luminescence  emission  (up  to  a  factor  of  more  than  50%)  with  respect  to 
the  untextured  film,  as  a  consequence  of  the  printed  nanostructure  (A=600  nm). 

The  improvement  of  the  luminescence  performance  is  attributed  to  the  variation  of  the 
angular  distribution  of  the  light  emission,  induced  by  the  sub  pm-scale  features  of  the  pattern  [5]. 
In  fact,  the  high  refractive  index  of  light-emitting  organic  film  with  respect  to  the  surrounding 
layers  (i.e.  glass  and  air),  often  determines  an  enhanced  waveguiding  effect  inside  the  slab,  and  the 
consequent  reduction  of  the  luminescence  efficiency  because  of  self-absorption.  Conversely,  a 
patterned  surface  (with  As  the  emission  wavelength)  may  enhance  the  light  emitted  towards  certain 
forward  directions  (Fig.  2),  and  consequently  decrease  the  effective  length  covered  by  the  photons 
and  the  self-absorption  inside  the  organic  slab.  The  increase  of  tjpl  in  organic  one-dimensional 
organic  nanostructures  can  be  a  fundamental  advantage  for  the  realization  of  efficient  organic-based 
active  photonics. 
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Figures: 


FIG.  1 


FIG.  2 
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Fig.  1.  A  Silicon  one-dimensional  master  grating  (periodicity  600  nm),  imaged  by  Scanning 
Electron  Microscopy. 

Fig.  2.  Normalized  angle-resolved  luminescence  spectra  and  diffraction  PL  peaks  of  a  printed 
light-emitting  organic  grating  around  a  polar  emission  angle  of  30°. 
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ORIENTED  IMMOBILISATION  OF  BIOMOLECULES 
ONTO  GOLD  NANOPARTICLES 

Marcos  Pita.  Jose  Maria  Abad,  Antonio  L.  De  Lacey,  Carlos  Gomez-Moreno  & 

Victor  M.  Fernandez. 

Instituto  de  Catalisis-CSIC,  c/  Marie  Curie,  s-n,  Campus  de  Cantoblanco,  28049 

Madrid.  Spain 
E-mail:  alopez@icp.csic.es 

There  is  a  continuous  interest  in  the  development  of  biosensors  as  simple  bio¬ 
diagnostic  tools.  Their  potential  applications  could  be  expanded  to  novel  horizons  by 
using  the  concepts  administered  in  natural  nanometer-scale  systems.  On  the  basis  of 
tailoring  organized  protein  architectures  in  ordered  and  defined  nanostructures,  self 
assembled  monolayers  (SAMs)  technology  in  conjunction  with  nanoparticles  are 
suitable  candidates.  The  simplicity  and  adaptability  of  SAM  technique  coupled  with  the 
control  of  molecular  orientation  and  packing  density  at  a  surface  allows  the  creation  of 
numerous  artificial  biomolecular  recognition  structures  at  nanoscale  level. 

In  this  work,  we  shall  present  different  strategies  for  nanostructured  surfaces 
preparation  with  different  functionalities  for  biomolecule  immobilization  on 
nanoparticles.  The  metallic  nanoparticles  synthesis  in  small  and  homogeneus  particle 
size  provides  a  platform  for  nanostructure  building  by  SAMs  nanochemistry.  This 
allows  the  complementary  ligands  incorporation  to  specific  binding  sites  present  in  the 
biomolecule  (antibody,  enzyme)  or  introduced  by  genetic  engineering  gives  a  specific 
and  oriented  immobilization. 

A  judicious  use  of  these  strategies  should  help  to  optimize  the  interactions 
between  immobilized  biomolecules  and  their  corresponding  targets.  In  addition, 
nanoparticles  properties  facilitate  the  development  of  bio-diagnostic  easy  techniques. 
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Email:  rtpomerantz@vahoo.com 

RNA  Polymerase  (RNAP)  is  a  powerful  biomolecular  machine  whose  motion  along  DNA 
can  be  controlled  in  an  information-dependent  manner  with  nanometer  scale  precision.  As 
RNAP  copies  the  information  in  the  DNA  template  to  RNA  it  translocates  along  the  DNA, 
exerting  a  linear  force  of  15-20  pN1.  This  forward  motion  is  dependent  on  the  presence  of 
the  next  incoming  ribonucleotide  triphosphate  (NTP),  which  is  encoded  by  the  DNA 
template  strand  sequence.  Withholding  the  required  NTP  results  in  the  formation  of  a 
stable  halted  elongation  complex  in  which  the  enzyme  remains  statically  bound  to  the 
DNA  template  until  transcription  is  resumed  by  addition  of  substrate2.  Immobilizing 
RNAP  to  a  solid  surface,  such  as  Ni2+-agarose  beads,  confers  the  ability  to  limit  the 
mixture  of  substrates  for  each  polymerization  step,  which  can  be  as  small  as  1  base-pair  or 
0.34nm3 4 5 6.  In  this  manner,  RNAP  can  be  incrementally  ‘walked’  or  positioned  along  DNA 
with  nanometer  scale  precision.  Here  we  utilize  modified  versions  of  bacteriophage  T7 
RNAP,  which  contain  ligand-binding  motifs  fused  to  the  amino-terminus  of  the  enzyme,  in 
order  to  facilitate  controlled  movement  and  positioning  of  biomolecules  and  nanodevices 
6.  Self-assembly  of  novel  DNA  nanodevices  driven  by  modified  T7  RNAP  are 
demonstrated  by  atomic  force  microscopy  (AFM)7. 


1.  Yin  et  al.,  Science.  270,  1653-1657  (1995). 

2.  Mentesana  et  al.,  J  Mol  Biol.  302,  1049-1062  (2000). 

3.  Kashlev  et  al.,  Gene.  130,  9-14  (1993). 

4.  Ostrander  et  al.,  Science.  249,  1261-1265  (1990). 

5.  Keefe  et  al.,  Protein  Expr  Purif.  23,  440-446  (2001). 

6.  Pavletich  et  al.,  Science.  252,  809-817  (1991). 

7.  Hansma  et  al.,  J  Struct  Biol.  127,  240-247  (1999). 
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CARBON  NANOTUBE  T-JUNCTION:  STRUCTURAL  PROPERTIES  AND 

DEVICE  APPLICATIONS 

L  Ponomareva  L.  A.  Chernozatonskii 

Institute  of  Biochemical  Physics  of  RAS, Kosygina  st.,  4,  Moscow,  1 19991  Russia 

A.  N.  Andriotis 

Inst,  of  Electronic  Structure  and  Laser  Foundation  for  Research  and  Technology-Hellas  71 1 10  Heraklio,  Greece 

M.  Menon 

Department  of  Physics  and  Astronomy,  University  of  Kentucky, Lexington,  KY  40506-0055 

The  discovery  of  carbon  nanotubes  by  Iijima  [1]  was  followed  by  observation  of  complex 
nanotube  junctions  in  experiments.  Single  wall  carbon  nanotube  (SWCN)  junctions  offer  the 
possibility  of  use  in  nanoscale  electronic  devices.  A  two-terminal  heterojunction  formed  by  two 
nanotubes,  one  semiconducting  and  the  other  metallic,  can  function  like  a  rectifying  diode.  The 
three-terminal  junctions,  however,  are  more  versatile  since  the  third  terminal  could  be  used  for 
controlling  the  switching  mechanism,  power  gain,  or  other  transisting  applications  that  are 
needed  in  any  extended  molecular  electronic  circuit.  Among  the  three-terminal  junctions  formed 
by  carbon  nanotubes,  the  most  interesting  (from  a  device  perspective)  are  the  "T-"  and  "Y- 
junctions".  Very  recently,  experimentalists  have  succeeded  in  developing  template-based 
chemical  vapor  deposition  (CVD)  [2]  and  pyrolysis  of  organometallic  precursor  with 
nickelocene  and  thiophene  techniques  [3]  that  allows  for  the  reproducible  and  high-yield 
fabrication  of  carbon  nanotube  Y-junctions  [2,3].  More  recently,  experimentalists  have 
succeeded  in  creating  X-shaped  molecular  connections  by  welding  achieved  by  electron  beam 
irradiation  of  crossing  SWCNs  [4]. 

We  present  energetically  efficient  topological  sequences  involving  two  SWCNs  leading 
to  the  formation  of  T-junctions  using  tight-binding  molecular  dynamics  simulations.  The  initial 
configuration  in  our  simulations  involve  a  capped  SWCN  approaching  the  wall  of  another 
SWCN.  In  the  final  configuration  the  two  nanotubes  coalesce  to  form  T-junctions  with 
appropriate  arrangement  of  topological  defects.  No  structural  defects  (vacancies  or  interstitials) 
are  present  at  any  step  of  the  process  and  the  transformation  is  achieved  only  through  topological 
defects.  The  total  number  of  carbon  atoms  remain  the  same  at  each  step. 

We  explore  the  lowest  energy  pathway  for  the  process.  Since  the  initial  and  final 
geometries  involve  only  sp2  bonding  for  all  carbon  atoms,  it  is  reasonable  to  assume  that  having 
only  sp2  bonding  during  each  of  the  intermediate  steps  of  coalescence  would  provide  the  lowest 
energy  pathways.  The  intermediate  steps  involve  formation  of  many  topological  defects  in  the 
form  of  pentagons,  heptagons,  octagons,  etc.  Furthermore,  the  defects  must  obey  a  generalization 
of  the  well  known  Euler's  formula  specifying  the  local  bond  surplus  at  the  junction  [5]. 

We  propose  a  sequence  of  intermediate  steps  leading  to  the  formation  of  two  distinct  T- 
junctions  in  which  all  carbon  atoms  remain  sp2  coordinated  throughout.  The  structures  are 
relaxed  at  each  step  using  generalized  tight-binding  molecular  dynamics  (GTBMD)  scheme  of 
Menon  and  Subbaswamy  [6]. 

We  illustrate  the  formation  of  a  (5,5)-(10,0)-(5,5)  (and  (9,0)-(10,0)-(9,0))  T-junction  by 
bringing  a  capped  zig-zag  (10,0)  nanotube  near  an  arm-chair  (5,5)  (zig-zag  (9,0))  nanotube  wall 
containing  defects.  These  defects  could  arise  due  to  localized  e-beam  or  ion-beam  irradiation 
induced  localized  heating/welding  at  the  location  of  the  junction  point[4].  These  defects  can 
very  well  be  initiated  by  the  formation  of  a  Stone-Wales  defect  [7]  followed  the  separation  of 
pentagon-heptagon  pairs. 

More  insights  can  be  gained  from  a  study  of  energies  at  various  steps  leading  to  the 
formation  of  the  two  T-junctions.  The  structures  are  fully  relaxed  at  each  step  and  the  total 
energy  is  calculated  using  the  GTBMD  scheme.  The  relative  energies  at  each  step  in  the 
formation  of  the  two  T-junctions  are  plotted  in  Fig.l  (large  circles  and  squares).  We  have  also 
calculated  intermediate  energy  points  (small  circles  and  squares)  that  rule  out  the  presence  of 
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large  barriers  between  the  steps.  As  seen  in  the  figure,  an  increase  in  energy  (indicating  a  barrier 
to  the  process  in  steps  1-3  is  followed  by  a  drop  in  energy  (in  steps  3-8  without  any  significant 
barrier.  The  activation  barrier  to  the  process,  thus,  is  the  overall  increase  in  energy  in  steps  1-3. 
Once  the  initial  barrier  is  overcome,  the  formation  of  the  junction  in  steps  3-8  can  be  driven  by 
the  lowering  of  energy  as  shown  in  Fig.  1 . 

We  next  investigate  the  transport  properties  of  T-junctions  obtained  in  our  simulations. 
The  quantum  conductance  of  the  SWCN  T-junction  is  calculated  using  a  Green's  function 
embedding  scheme  [8]  The  Green's  function  is  constructed  using  the  same  Hamiltonian  as  used 
for  obtaining  structural  relaxation.  The  current  voltage  characteristics  were  calculated  by 
applying  a  voltage  Vs  on  the  stem  branch,  and  a  gate  Vg  voltage  on  the  left  (right)  branch  and 
keeping  the  right  (left)  branch  grounded.  For  Vg  =  0.0  eV  (i.e.,  only  voltage  applied  through  the 
stem  terminal)  a  rectification  of  the  current  for  positive  Vs  voltages  is  observed. 

We  have  presented  an  atomistic  picture  of  energetically  efficient  pathways  for  the 
formation  of  SWCN  T-junctions  through  a  sequence  of  steps  starting  with  one  in  which  a  capped 
SWCN  is  brought  near  the  wall  of  another  SWCN.  During  the  entire  process  no  structural 
defects  are  generated  and  the  transformation  is  achieved  through  creation/annihilation  of 
topological  defects,  while  all  carbon  atoms  retain  their  sp1 2 3 4 5 6 7 8  coordination.  Recent  experimental 
advances  in  electron  beam  welding  techniques  have  greatly  increased  the  plausibility  of 
synthesizing  T-junctions  as  proposed  in  the  simulations.  We  have  also  calculated  the  transport 
properties  of  the  thus  formed  T-junctions.  The  I-V  characteristics  indicate  rectification. 
Application  of  gate  voltage  resulted  in  current  modulation  in  the  primary  channel. 


Steps 


Figl.  Relative  energies  calculated  using  GTBMD  schemes  at  each  steps  for  (9,0)-(10,0)-(9,0)  and  (5,5)-(10,0)- 
(5,5)  T-junctions  (large  circles  and  squares).  Intermediate  energy  points  are  shown  in  small  circles  and  squares. 
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PREPARATION  AND  CHARACTERIZATION  OF  ZIRCONIA 
COATINGS  DOPED  WITH  Gd203  AND  CO-DOPED  WITH  Y203 

AND  Gd203 
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Zr02Gd203  and  Zr02Y203Gd203  nanocomposite  coatings  were  deposited  by  reactive 
DC  magnetron  sputtering  with  different  atomic  percentage  of  dopants.  The  influence 
of  the  percentage  dopants  in  the  high  temperature  phases  stability  of  zirconia  at  room 
temperature  has  been  studied  by  X-Ray  Diffraction  (XRD)  as  well  its  influence  in  the 
microstructural  parameters  and  residual  stresses.  XRD  measurements  were  used  to 
characterize  the  coatings  structures  and  to  study  the  influence  of  Gd  addition  in  the 
high  temperature  stabilized  phases.  Energy  Dispersive  X-ray  Spectroscopy  (EDX) 
was  also  used  to  assess  the  thin  film  composition.  Scanning  Electron  Microscopy 
(SEM)  was  used  to  measure  the  film  thickness,  to  observe  microstructure  of  the  film 
cross-section  and  to  analyze  the  surface  morphology.  The  surface  microtopography 
was  analyzed  by  atomic  force  microscopy  (AFM)  and  non  destructive  laser 
microtopography.  The  roughness  of  the  produced  coatings  was  evaluated  and  related 
with  the  optical  parameters  obtained  by  Optical  spectroscopy. 
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SYNTHESIS  OF  Fe-Co  NANOPARTICLES  AND  THE  EFFECT  OF 
AL(III)-DOPIN G  ON  THEIR  MAGNETIC  PROPERTIES 

Raul  Pozas1.  M.  Puerto  Morales2,  Manuel  Ocana1  and  Carlos  J.  Serna2 

1  Instituto  de  Ciencia  de  Materiales  de  Sevilla  (CSIC-UNSE),  Americo  Vespucio  s/n, 
Isla  de  la  Cartuja,  41092  Sevilla,  Spain 

2Instituto  de  Ciencia  de  Materiales  de  Madrid  (CSIC),  Cantoblanco,  28049  Madrid, 

Spain. 

The  most  advanced  magnetic  recording  flexible  media  essentially  consist  of  acicular 
particles  compossed  by  a  Fe-Co  alloy  core  coated  with  a  layer  enriched  in  several 
elements  [1-3].  The  synthesis  of  such  metal  particles  is  usually  carried  out  from 
oxyhydroxyde  precursors  (goethite)  through  two  consecutive  processes,  the  dehydration 
of  goethite  and  the  further  reduction  of  the  resulting  hematite  to  obtain  a-Fe  [3,  4].  The 
high  temperatures  involved  in  this  method  can  promote  interparticle  sintering  and, 
therefore,  the  lost  of  the  acicular  shape.  This  effect  can  be  minimised  by  doping  or 
coating  the  precursors  with  antisintering  agents,  such  as  Al,  Y,  Si,  B,  Sn  cations  [1,5] 
which  also  favour  the  chemical  stability  of  the  the  metal  particles  against  oxidation. 

In  this  work,  we  have  obtained  Fe,  Fe-Co  and  Al(III)-doped  Fe-Co  metal  particles 
(<100  nm)  from  undoped,  Co(II)-doped  and  Al(III)-Co(II)-doped  acicular  goethite 
precursors.  Our  objective  is  to  analyse  the  effect  of  the  doping  with  Co  and  Al  cations 
on  the  crystallochemical  and  magnetic  properties  of  the  final  metal  particles.  Such 
precursors  (goethite  and  doped-goethite)  were  prepared  by  oxidation  with  air  of  FeS04 
solutions  containing  A1(N03)3  and/or  Co(N03)3  solutions  when  required,  precipitated 
with  Na2C03  [6],  TEM  observation  revealed  that  the  obtained  Co-doped  and  Al-Co- 
doped  goethite  particles  were  slightly  smaller  than  the  undoped  ones,  keeping  the  same 
axial  ratio.  EDX  analyses  confirmed  the  presence  of  the  doping  cations  in  each  particle, 
whereas,  XPS  measumerents  showed  that  aluminum  was  mainly  concentrated  in  the 
particle  outer  layers.  Such  an  Al(III)  enrichment  was  enhanced  during  the  reduction  to 
iron,  while  cobalt  diffuse  toward  the  inner  part  of  iron  particles  forming  a  Fe-Co  alloy. 
While  the  Fe-Co  alloy  increases  the  saturation  magnetization  of  Fe  [3,  5],  the  presence 
of  Al(III)  on  the  particle  outer  layers  of  the  precursors  inhibited  the  growth  of  iron 
crystals,  better  preserving  the  acicular  shape  of  iron  particles,  which  had  a  very 
favourable  effect  on  the  coercivity  of  the  metallic  samples.  Therefore,  the  presence  of 
both  Co  metallic  and  Al(III)  cations  is  essential  to  obtain  iron  particles  with  good 
magnetic  properties. 
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MOLECULAR  ELECTRONIC  DEVICE  MODELING:  FET  and 

RTD 

Titash  Rakshit 

School  of  Electrical  and  Computer  engineering,  Purdue  University 

Device  miniaturization  is  progressively  heading  towards  dimensions  that  are 
comparable  to  the  dimensions  of  molecules.  Molecules  are  promising  candidates  as 
future  electronic  devices  because  of  their  small  size,  chemical  tunability  and  self- 
assembly  features. 

FET:  We  address  the  question  of  whether  a  molecule  used  in  a  device  configuration 
can  offer  any  performance  advantages  relative  to  standard  silicon  devices.  The  first 
device  we  look  at  is  standard  three-terminal  device  with  a  short  molecule(-lnm)  as 
the  channel.  A  self-consistent  solution  of  coupled  quantum  transport  and  Poisson’s 
equations  shows  that  even  for  extremely  short  channel  lengths  a  “well-tempered” 
molecular  FET  demands  much  the  same  electrostatic  considerations  as  a  “well- 
tempered”  conventional  MOSFET.  We  show  that  just  as  in  a  silicon-channel 
MOSFET,  the  gate  oxide  needs  to  be  much  smaller  than  the  channel  length  (length  of 
the  molecule)  for  the  gate  control  to  be  effective.  It  is  therefore  natural  to  investigate 
alternate  principles  of  molecular  transistor  action,  such  as  using  conformational 
degrees  of  freedom.  For  instance,  a  gate  field  coupled  with  a  molecular  dipole 
moment  could  cut  off  the  current  by  tilting  it  away  from  the  contact  (drain).  We 
derive  a  general  result  that  can  be  used  to  evaluate  and  compare  transconductance  of 
different  field-effect  mechanisms  in  molecular  transistors,  both  electrostatic  and 
conformational.  We  show  that  the  conformational  component  helps  the  electrostatics 
of  gate  control  but  can  lead  to  significant  advantages  only  if  the  dipole  moment  of  the 
molecule  is  comparable  to  the  charge  times  the  thickness  of  the  gate  oxide.  Detailed 
numerical  results  for  specific  examples  are  presented  in  support  of  the  analytical 
results. 

RTD:  Traditionally  molecular  electronic  efforts,  both  theoretical  and  experimental 
have  focused  on  molecules  bonded  to  gold  substrates.  However,  recent  advances  in 
growing  molecules  on  silicon  have  demonstrated  the  feasibility  of  molecular 
electronics  on  silicon.  Silicon-based  molecular  electronics  will  enable  the 
development  of  integrated  devices  that  can  take  advantage  of  the  infrastructure 
provided  by  the  powerful  silicon-based  IC  industry.  Silicon  has  a  bandgap  that  can 
give  rise  to  novel  effects  like  NDR  (negative  differential  resistance)  that  may  have 
possible  circuit  applications.  We  demonstrate  through  first-principles  transport 
calculations  that  the  presence  of  silicon  band-edge  does  lead  to  NDR  in  molecules 
docked  on  heavily-doped  silicon  substrates.  Our  results  agree  well  with  experimental 
observations  by  Hersam  et.  al . 
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ELECTRICAL  CHARACTERISATION  OF  Py/Gd/Py  TRILAYERS 
IN  THE  CIP  CONFIGURATION 
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Multilayers  comprise  of  thin  layers  of  Transition  Magnetic  Metals  and  Gadolinium 
(Gd)  show  an  anti  ferromagnetic  coupling  at  the  interfaces.  This  coupling  can  be  used 
to  create  a  domain  wall  (DW)  in  the  Gd  and/or  in  the  Transition  Metal  layer 
depending  on  the  temperature  and  the  thickness  of  the  Gd  and  the  Transition  Metal 
[1].  Furthermore,  the  electrical  properties  appear  to  be  very  important  in  the  study  of 
the  characteristics  of  nanostructures  [2].  In  this  work  an  electrical  characterisation  of 
Py/Gd/Py  trilayers  is  performed  in  the  current  in  plane  (CIP)  configuration. 

Samples  were  grown  in  a  dc-magnetron  sputtering  system  on  corning  glass-substrates. 
In  all  the  samples  the  thickness  of  Py  layers  was  of  200  nm.  The  Gd  thickness  was  of 
50,  100,  150  and  200  nm.  The  magnetic  properties  of  the  trilayers  were  determined  by 
the  longitudinal  Kerr  effect  and  VSM  magnetometry  at  different  temperatures.  The 
electrical  measurements  were  carried  out  using  a  dc  method  and  a  conventional  four 
point  configuration.  In  all  the  cases,  the  electric  current  flows  in  the  magnetic  easy 
axis.  A  4He  closed  cycle  refrigerator  was  employed  in  order  to  measure  in  a 
temperature  range  of  10  to  300  K.  The  magnetoresistance  (MR)  was  measured  with 
the  magnetic  field  in  both  parallel  and  perpendicular  directions  to  the  current.  At  room 
temperature  it  is  observed  a  decrease  on  the  magnetoresistance  for  the  higher 
magnetic  fields.  At  low  temperature  this  behaviour  disappears  (Figure  1).  Figure  2 
shows  the  resistivity  as  a  function  of  the  temperature  measured  for  a  magnetic  field  of 
200  Oe  applied  in  the  same  directions  as  those  used  for  the  magnetoresistance.  The 
(Rpar  -  Rper)/Rper  coefficient  as  a  function  of  the  temperature  presents  a  maximum  as  it 
is  shown  in  figure  3. 

Taking  into  account  the  exchange  interaction  at  the  Py/Gd  interface  and  the 
polycrystalline  structure  of  the  Gd  layers  the  main  results  observed  in  these  samples 
can  be  explained. 
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Figure  1.  Experimental  MR  for  the  sample  with  a 
Gd  thickness  of  100  nm.  The  magnetic  field  is 
parallel  to  the  current  at  (□)  300  K  and  (•)  12  K. 

Phys.  92,914(2002). 
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Figure  2.  Electrical  resistivity  as  a  function  of  the 
temperature  for  a  magnetic  field  of  200  Oe  in  the  case 
of  (o)  magnetic  field  parallel  and  (•)  perpendicular  to 
the  current.  The  Gd  thickness  was  of  100  nm. 


Figure  3.  (Rpar  -  Rper)/Rper  as  a  function  of  the 
temperature  for  the  sample  with  a  Gd  thickness 
of  100  nm.  Both  Rparand  Rptrare  measured  for 
a  magnetic  field  of  200  Oe. 
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FABRICATION  AND  STUDY  OF  THE  ELECTRONIC 
TRANSPORT  PHENOMENA  OF  METAL-MOLECULE-METAL 
JUCTIONS  BY  CONDUCTING  PROBE  ATOMIC  FORCE 

MICROSCOPY 

Imma  Ratera.  Jinyu  Chen,  Frank  Ogletree  and  Miquel  Salmeron. 

Lawrence  Berkeley  National  Laboratory,  1  Cyclotron  Road,  94720  Berkeley,  USA 

E-mail:  salmeron@lbl.gov 

In  the  field  of  molecular  electronics,  using  molecular  wires  as  components  in 
electronic  circuits  is  an  appealing  idea:  such  systems  can  be  synthesized  with  feature 
lengths  of  just  a  few  nanometers,  so  if  we  could  assemble  them  onto  a  chip  we  would 
gain  orders  of  magnitude  in  integration  levels.  In  order  to  advance  such  a  technology, 
however,  several  physical  issues  that  have  been  a  major  concern  for  conventional 
microelectronics  need  to  be  addressed  at  the  nanoscale. 

The  study  of  the  electron  transport  phenomena  in  organic  molecular  films  produced 
by  either  self-assembly  (SAM)  or  Langmuir-Blodgett  method  are  of  most  interest  for 
applications  as  possible  microelectronics  components  (diodes  and  switches)  can  be 
achieved  by  using  these  techniques.  In  this  poster  we  will  present  an  overview  of 
recent  work  of  electronic  transport  in  nanoscale  molecules  for  which  experimental 
results  are  available. 

To  probe  metal-molecule-metal  junctions,  one  could  use  several  techniques  as  STM, 
KFM  or  mechanical  control  break  junction  (MCB).  However  these  techniques 
experiments  have  demonstrated  that  unambiguous  contact  to  a  nanoscale  object  is 
difficult  to  achieve.  The  utility  of  conductive  probe  atomic  force  microscopy  (CP- 
AFM)  provides  excellent  control  over  mechanical  contacts,  especially  for  single- 
molecule  and  SAMs  studies.  So  we  will  use  the  CP-AFM  technique  to  study  the 
conductivity  of  metal-molecule-metal  junctions  fabricated  by  contacting  metal 
supported  self-assembled  mono  or  multilayers  with  the  metallic  coated  conductive 
atomic  force  microscope  (AFM)  tip. 

One  of  the  main  goals  in  measuring  conductivity  at  the  nanoscale  is  to  obtain  current- 
voltage  characteristics  of  nanoscale  devices.  In  particular  we  will  establish  CP-AFM 
to  study  the  electron  transport  as  function  of  different  parameters  as  the  orientation 
and  the  molecular  dimensions  of  the  molecules  on  the  film.  The  role  of  having 
multilayer,  which  we  can  expose  to  different  mechanical  excitations  it  has  also  been 
studied.  The  ability  to  vary  the  load  on  the  microcontact  is  a  unique  characteristic  of 
these  junctions  and  also  opens  opportunities  for  exploring  electron  transfer  as  a 
function  of  molecular  deformation.  We  will  also  study  the  role  of  the  junctions,  the 
contact  of  the  terminal  functional  groups  with  the  electrodes  and  the  chemistry  to 
modulate  current-voltage  characteristics. 
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ELECTRON  ENTANGLEMENT  VIA  INTERACTIONS  IN  A 

QUANTUM  DOT 
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We  study  a  spin-entangler  device  for  electrons,  with  a  Coulomb  interaction  U,  via  a 
quantum  dot  proposed  by  Oliver  et  al[  1  ].  The  main  advantage  of  this  model, 
compared  to  others  in  the  literature,  is  that  single  particle  processes  are  forbidden. 
Within  this  model  we  calculate  two  electron  transmission  in  terms  of  the  T-matrix 
formalism  to  all  orders  in  the  tunneling  amplitudes  V  and  in  the  presence  of  i)  external 
orbitals  and  ii)  semi-infinite  leads  to  show  the  appropriate  physical  limits.  New 
qualitative  results  are  found  when  external  leads  are  considered  non-perturbatively.  In 
particular  we  recovered  Oliver's  fourth  order  results  in  the  'external  orbital’  case,  in 
the  limit  of  small  coupling  of  the  dot  to  the  external  states,  and  a  small  imaginary  part 
is  added  to  the  eigenergies.  When  leads  are  attached,  the  system  effectively  filters  the 
singlet  portion  to  all  orders  of  perturbation  theory.  We  discuss  the  role  of  the  coulomb 
site  interaction  in  the  generation  of  the  entangled  state. 

[1]  W.  D.  Oliver,  F.  Yamaguchi,  and  Y.  Yamamoto,  Phys.  Rev.  Lett.  88,  037901 

(2002). 
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ULTRASENSITIVE,  REAGENTLESS  AFFINITY  SENSORS 
EEXPLOITING  TARGET-SENSITIVE  LIPOSOMES 
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Abstract: 

Knowledge  gleaned  from  the  human  genome  project  together  with  a  growing  awareness 
of  the  importance  of  early  detection  of  biomarkers  or  environmental  contaminants  has 
resulted  in  an  increased  necessity  to  achieve  lower  and  lower  assay  detection  limits. 
Signal  amplification  is  thus  an  important  tool  in  the  development  of  biosensors  for  such 
targets,  where  the  desired  limit  of  detection  may  be  as  low  as  a  few  molecules  of  DNA 
or  antigen.  Amperometric  detection  strategies  for  redox  molecules  can  be  inherently 
limited  by  the  fact  that  each  analyte  molecule  can  accept  or  donate  only  a  relatively 
small  number  of  electrons.  Coupling  this  limitation  with  the  background  noise  inherent 
in  measuring  very  small  currents,  the  limits  of  detection  attained  with  electrochemical 
amperometric  detection  do  not  achieve  levels  that  they  should.  Additionally,  most 
currently  available  biosensor  configurations  require  addition  of  reagents  thus  not 
lending  themselves  to  facile  use  and  disposability.  The  objective  of  this  work  is  the 
development  of  ultrasensitive,  reagentless  affinity  sensors  based  on  the  exploitation  of 
target  sensitive  liposomes  and  substrate  recycling  schemes  using  the  enzyme  alkaline 
phosphatase  as  the  reporter  molecule  for  the  following  of  affinity  interactions.  The  work 
to  be  carried  out  can  be  divided  into  (a)  transduction  (b)  immobilisation  (c)  signal 
amplification. 
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FIRST  PRINCIPLES  STUDY  OF  THE  Si(lll)5x2(Au)  SURFACE 
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In  surface  physics,  the  monolayers  and  submonolayers  on  substrates  are  of  fundamental 
interest  from  both  theoretical  and  technological  point  of  view.  The  atoms  deposited  on 
substrates  can  be  used  to  form  arbitrary  surface  structures  with  desired  electronical  and 
chemical  properties.  One  can  try  to  control  processes  such  as  catalysis  and  corrosion  or  create 
structures  that  exploit  quantum  phenomena. 

The  deposition  of  metallic  atoms,  especially  of  gold,  on  silicon  substrates  results  in  a  great 
variety  of  structures,  depending  on  the  amount  of  monolayers  and  the  annealing  process  used 

[1].  The  system  obtained  after  the  deposition  of  0.4-0. 5  monolayers  of  gold  on  Si(lll) 
surface  has  been  studied  over  decades.  Different  studies  of  the  structure  of  this  surface 
produced  somewhat  contradictory  results.  However,  the  advance  of  the  experimental 
techniques  has  allowed  an  increase  of  the  amount  and  quality  of  the  information  available.  In 
particular,  only  quite  recently,  a  simple  model  where  the  gold  atoms  form  monatomic  wires 
has  been  proposed  [2]  that  seems  to  explain  the  earlier  data  quite  well. 

Gold  nanowires  have  been  demonstrated,  but  mainly  using  stepped  surfaces.  The 
spontaneous  arrangement  of  the  flat  Si(l  1  l)5x2(Au)  structure  into  nanowires  calls  for  a 
thorough  analysis.  Also  the  structures  with  low  dimensionality  in  general,  yield  a  great  variety 
of  interesting  quantum  phenomena. 

We  took  the  proposed  structure  [2]  as  a  starting  point  and  performed  ab-initio  molecular 
dynamic  simulations.  We  are  thus  able  to  test  the  stability  of  the  structure  and  analyze  its 
electronical  and  structural  properties.  The  calculations  were  done  using  the  SIESTA  code  [3] 
that  uses  localized  atomic  orbitals  as  a  basis.  The  calculation  is  done  using  a  finite  slab  and 
the  5x2  unit  cell.  Our  methodology  includes  the  saturation  of  the  bottom  silicon  layer  with 
hydrogen.  Dielectric  effects  on  the  slab  are  eliminated  by  letting  the  bottom  hydrogen  layer 
to  relax  during  the  simulations.  We  tested  the  reliability  of  our  computational  method  by 
simulating  a  few  well-known  surface  reconstructions  of  silicon  and  comparing  with  an  earlier 
calculation  [4].  Spin-orbit  interaction  was  not  included  in  our  calculations  but  it  will  be 
introduced  later  on. 

Preliminary  results  show  that  the  proposed  structure  is  a  stable  one.  We  also  give  the  height 
position  of  the  atoms,  because  in  the  proposed  model  [2],  the  height  of  the  atoms  was  missing 
due  to  the  limitations  of  the  experimental  method.  Bandstructures  are  obtained  and  the 
character  of  the  different  bands  are  analyzed  and  compared  to  the  photoemission  data  [5]. 
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ELECTRICAL  PROPERTIES  OF  NANOTUBES  WITH  SELF-ALIGNED 
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A  method  for  the  precise  positioning  of  electrodes  to  carbon  nanotubes  is  needed. 
Self-aligned,  side-gate  structures  to  suspended  multi-walled  carbon  nanotubes  (MWCNT), 
where  the  nanotube  acts  as  an  evaporation  mask  have  been  previously  fabricated  [1].  In  such 
fabrications  a  line  of  metal  is  evaporated  over  a  suspended  nanotube,  resulting  in  an  island  of 
metal  which  forms  on  the  nanotube,  the  width  of  this  island  increases  as  the  metal  is 
deposited,  forming  a  wedge  shape,  and  thus  allowing  thick  evaporations  with  the  island 
remaining  separated  from  the  bulk  metal.  The  island  is  removed  during  lift-off  leaving  a  set  of 
self-aligned  electrodes  with  nanotube  to  electrode  spacing  of  less  then  20  nm.  We  now  present 
the  electrical  behavior  of  nanotube  transistors  with  self-aligned  side  gates  and  highlight  the 
advantages  that  self-aligned  side  gates  have  over  alternative  gating  techniques  such  as  back- 
gates,  side-gates  and  top-gates. 
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SIZE  EFFECTS  AND  FERROELECTRIC  TUNNEL  JUNCTIONS 
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Institut  fur  Festkorperforschung,  Forschungszentrum  Jiilich,  52425  JUlich,  Germany 


In  the  last  few  years,  remarkable  progress  has  been  made  in  the  investigation  of  the 
ferroelectric  thickness  limit.  This  is  partly  due  to  the  accelerating  interest  in  ferroelectric 
materials  for  technological  applications,  and  it  is  partly  due  to  the  natural  scientific  interest  in 
understanding  and  studying  the  limits  of  physical  phenomena. 

Within  this  talk,  size  effects  in  ferroelectrics  will  be  discussed  and  the  concept  of  a 
ferroelectric  tunnel  junction  will  be  presented. 

The  primarily  studied  heterostructures  have  been  Pt/PbZro.52Tio.48C>3/SrRu03  and 
SrRu03/BaTi03/SrRu03,  both  grown  on  SrTiO3(100)  substrates.  The  ferroelectric  film 
thickness  varied  from  2  nm  to  250  nm.  Three  different  deposition  techniques  have  been  used, 
namely  high-pressure  sputtering,  molecular  beam  epitaxy,  and  pulsed  laser  deposition.  The 
outstanding  thin  film  quality  has  been  demonstrated  by  various  analytical  methods,  among 
them  XRD,  RBS,  AFM,  HRTEM,  and  RHEED  (for  MBE-grown  thin  films).  In  order  to 
measure  ferroelectric  properties,  the  heterostructures  have  been  patterned  into  capacitors 
using  either  a  lift-off  process,  an  ion-beam  etch  technique,  or  a  shadow  mask.  Subsequently, 
ferroelectric  hysteresis  loops  have  been  obtained  with  the  FE  module  of  the  aixACCT  TF 
Analyzer  2000.  Compared  to  the  fabrication  of  capacitors,  a  more  complex  process  has  been 
applied  to  pattern  tunnel  junctions.  In  total,  three  photo  mask  steps  defined  tunnel  junctions 
by  conventional  photolithography  and  ion  beam  etching. 

The  first  part  of  my  talk  is  about  the  thickness  dependence  of  the  remanent  polarization  and 
the  coercive  field,  which  have  been  studied  in  the  range  of  6  nm  to  250  nm.  Various  origins  of 
size  effects  have  been  identified.  In  some  cases,  extrinsic  effects,  e.g.  film  composition, 
surface  roughness,  and  defects,  are  likely  to  be  the  reason  for  this  phenomenon.  However, 
given  that  ferroelectricity  is  a  cooperative  phenomenon  like  superconductivity  and 
magnetism,  the  size  effect  is  expected  to  be  prominent  even  in  the  absence  of  extrinsic  factors. 
Mechanical  and  electrical  boundary  conditions  will  be  shown  to  alter  the  ferroelectric  film 
thickness  at  which  the  size  effect  starts  playing  a  role. 

The  second  part  of  my  talk  deals  with  ferroelectric  tunnel  junctions,  where  the  term 
ferroelectric  refers  to  a  property  of  the  barrier  material.  The  device  consists  of  a  ferroelectric 
layer  sandwiched  between  metal  electrodes.  The  thickness  of  the  ferroelectric  layer  is  thin 
enough  to  allow  for  electron  tunneling.  For  the  first  time,  the  influence  of  macroscopic 
parameters,  such  as  the  spontaneous  polarization  and  strain  on  quantum-mechanical  electron 
tunneling  through  a  ferroelectric  tunnel  barrier  is  studied  experimentally.  In  addition,  the 
experimental  work  is  accompanied  by  theoretical  ideas  and  predictions  concerning  the 
manifestation  of  piezo-  and  ferroelectricity  in  direct  electron  tunneling. 
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Figure  1.  Concept  of  a  ferroelectric  tunnel  junction:  (a)  simplified  band  diagram;  £F  is 
the  Fermi  energy,  %  is  the  electron  affinity  of  the  insulator,  ,^,are  the  barrier  heights  at  the 
electrodes,  Fbias  is  the  bias  voltage  across  the  junction,  and  (l)-(2)  are  possible  positions  of 
the  Ti  atoms;  (b)  schematic  cross-sectional  view  of  the  FTJ;  (c)  HRTEM  image  of  a  MBE- 
grown  SrRuCVS-nm-BaTiCVSrRuO}  heterostructure. 
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Figure  2.  Typical  I-V  curve  of  a  SRO/6  nm  BTO/SRO  tunnel  junction.  Please  note  clear 
switching  events  at  -550  mV  and  600  mV.  Numbers  from  1  to  7  and  arrows  show  the 
direction  of  scan. 
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SPM  AND  LASER  ABLATION:  A  POTENTIAL 
ANOTOMOGRAPH? 
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Scanning  probe  microscopy  (SPM)  is  now  well-established  tool  for  surface  analysis,  however,  it 
can  reveal  only  limited  information  about  subsurface  properties  of  a  sample.  Its  sensitivity  along 
a  surface  normal  is  severely  constrained  to  a  few  topmost  atomic  or  molecular  layers  only. 
However,  the  subsurface  region  is  of  great  interest  for  many  applications  because  the  surface  of 
a  sample  can  be  easily  contaminated  misrepresenting  the  true  nature  of  the  sample.  Therefore, 
there  are  active  developments  of  new  methods  for  below  surface  nano-scale  imaging  going  on  in 
several  research  laboratories.  Currently  there  are  only  very  few  techniques  available  that  are 
capable  of  spatial  3D  imaging  at  this  length-scale  and  typically  these  are  applicable  only  in 
special  cases. 

There  have  been  attempts  to  employ  an  idea  of  creating  a  nanotomograph  by  stepwise  removal 
of  surface  layers  of  a  sample,  taking  SPM  images  after  each  removal  procedure,  and 
subsequently  creating  3D  images  from  the  images  by  computerized  processing  [e.g.  1]. 
However,  this  simple  idea  has  turned  out  to  be  technically  very  challenging.  The  main  obstacle 
is  how  to  spot  the  same  location  on  the  sample  with  the  SPM  probe  if  the  sample  is  removed  for 
the  surface  removal  procedure,  or  how  to  protect  the  probe  if  the  sample  is  kept  in  place  during 
the  removal  procedure.  Alternately,  one  can  make  surface  processing  in  the  SPM  removing 
neither  the  sample  nor  the  probe.  Such  in  situ  SPM-tomograph  has  been  successfully  applied  in 
cases  of  selective  electrochemical  reactions  [2]  or  selective  chemical  etching  [3].  However,  the 
general  disadvantage  of  the  latter  approach  is  that  the  SPM  tip  is  located  in  vicinity  of 
processing  area  and  can  be  modified  as  well  if  not  destroyed. 

In  our  previous  work  [4]  we  demonstrated  an  efficient  in  situ  scanning  probe  analysis  and 
subsurface  imaging  with  a  single  device,  which  performs  pulsed  laser  ablation  of  surface  layers 
and  precise  resetting  of  far-removed  AFM  probe  after  ablation.  The  laser  ablation  technique 
offers  several  advantages  for  controllable  removal  of  surface  layers.  The  laser  beam  is  easily 
guided  and  focused  to  a  desired  region  of  the  sample  by  simple  optics.  The  ablation  depth 
depends  on  the  deposited  energy  that  can  be  controlled  by  selecting  appropriate  frequency  of  the 
laser  pulses.  In  some  cases  the  laser  ablation  does  not  require  any  additional  expensive 
apparatus  (e.g.  vacuum  chambers  etc.)  and  can  be  performed  in  SPM  vicinity  in  air  atmosphere. 
Application  of  excimer  lasers  is  quite  common  in  pulsed  laser  deposition  techniques  [5]  because 
these  lasers  offer  sufficient  energy  density  (>1  J/cm2)  and  their  lasing  transitions  typically  occur 
in  the  suitable  wavelength  range  of  150-400  nm  where  most  materials  have  strong  absorption 
bands  and  correspondingly  short  penetration  depths. 

In  our  presentation  we  will  demonstrate  our  latest  achievements  and  results  in  development  and 
application  of  newly  designed  experimental  set-up  that  consists  of  a  modified  AFM,  UV 
excimer  laser,  vacuum  chamber  etc.  We  will  present  AFM  data  showing  influence  of  eximer 
laser  radiation  on  mica  surface  at  low  fluencies  and  discuss  possibilities  of 
creating  a  nanotomograph  using  combination  of  SPM  and  laser  ablation. 
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In  type-II  superconductors  appears  a  mixed  state  where  the  magnetic  Field  penetrates  inside 
the  superconductor  in  flux  lines  (vortices)  carrying  a  quantum  of  flux  [1],  These  vortices  form 
a  triangular  lattice  that  minimize  the  repulsion  energy  between  two  vortices.  For  finite 
superconductors  the  surface  effects  introduce  new  phenomena  for  the  lattice  like  surface 
superconductivity  and  the  interaction  between  vortices  and  the  surface  current.  Palacios  [2] 
using  lower  Landau  levels  in  superconducting  strips  showed  that  their  magnetic  behavior 
includes  the  appearing  of  rows  of  vortices  and  surface  superconductivity  when  the  magnetic 
field  is  greater  than  Hc2- 

These  strips  are  used  in  the  study  of  pinning  of  vortices  in  the  presence  of  a  net  current  inside 
the  strip.  So  we  need  to  change  the  Ginzburg-Landau  functional  to  include  a  constraint  which 
takes  into  account  the  existence  of  this  current. 

In  this  work  we  show  how  to  calculate  semi-analytically  the  vortex  state  in  strong  type-II 
superconducting  strips  with  a  net  current.  Our  order  parameter  is  a  linear  combination  of 
lower  Landau  levels  and  we  minimize  the  Ginzburg-Landau  functional  applying  Lagrange 
multipliers  as  it  was  proposed  by  Kosov  [3]  and  Johnson  [4],  With  this  method  we  found  that 
for  2  components  it  is  necessary  that  the  symmetry  (-k,  k)  does  not  exist. 

Additionally  we  use  this  method  for  a  Bose-Einstein  condensate  in  an  elonged  harmonic 
potential  where  the  constraint  is  the  conservation  of  the  particle  number  and  the  Lagrange 
multiplier  is  the  chemical  potential.. 
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As  it  is  well  established,  one  of  the  parameters  which  influences  greatly  the  Stranski- 
Krastanov  (S-K)  growth  mode  in  low-dimensional  strained  heterostructures  is  the  substrate 
orientation.  A  change  in  the  Miller  indexes  of  the  substrate  allows  to  control  the  strain 
relaxation  in  the  heteroepitaxial  systems  inducing  consequently  modifications  in  the  onset 
of  the  S-K  growth  mode,  or  even,  in  some  cases,  the  inhibition  of  this  mode.  For  instance, 
RHEED  and  STM  measurements  of  InAs  grown  on  GaAs  (110)  and  GaAs  (111)  surfaces 
revealed  that  the  growth  is  always  two-dimensional  layer  by  layer  and  strain  is  relieved  by 
the  formation  of  misfit  dislocation  [1],  However,  when  InAs  epitaxial  layers  are  grown  on 
high  index  substrates  such  as  (31 1)  and  (511)  GaAs,  the  PL  spectra  indicated  a  delay  in  the 
three-dimensional  growth  mode  onset  [2],  On  the  other  hand,  appropriate  changes  of 
substrate  orientation  induce  different  morphologies  of  the  islands  for  the  same  epitaxial 
film.  This  phenomenon  is  observed  by  STM  in  Ge/Si  (001)  and  Ge/Si  (111)  quantum  dots 
[3].  Although  there  are  extensive  experimental  results  on  the  substrate  orientation  effects,  to 
our  knowledge,  they  have  not  been  theoretically  studied.  Therefore,  the  aim  of  this  work  is 
to  investigate  the  islanding  mechanism  dependence  with  the  substrate  orientation  for  Ge/Si 
and  InAs/GaAs  heterostructures.  The  importance  of  these  low-dimensional  strained  systems 
for  fabrication  of  optoelectronic  devices  is  reported  elsewhere  [4,  5]. 

Within  the  framework  of  the  continuum  elasticity  theory,  we  have  characterized  the  S-K 
growth  mode  in  terms  of  the  transition  thickness  and  the  accumulated  stress  for  increasing 
Miller  indexes  of  the  substrate.  Assuming  a  coherent  behavior  at  the  substrate/film 
interface,  we  propose  a  sigmoidal  law  which  defines  the  lattice  dependence  with  the 
thickness  to  describe  the  relaxation  mechanism.  This  dependence  was  successfully  applied 
in  Ge/Si  (001)  and  InAs/GaAs  (001)  quantum  dots  [6,  7],  Also,  the  non  rigid  substrate 
approximation  is  taken  into  account,  where  film  as  well  as  substrate  are  strained.  The 
validity  of  this  approach  was  previously  shown  in  the  investigated  heterostructures  [6,  7]. 
To  evaluate  the  transition  thickness,  we  analyze  the  stability  regions  of  the  free  energy 
density  in  terms  of  the  slope,  the  order  parameter.  For  higher  Miller  indexes,  a  metastability 
region  is  obtained  which  induces  changes  in  the  S-K  onset.  The  delay  of  this  onset  as  the 
substrate  orientation  departs  from  (001)  is  discussed  in  terms  of  the  degree  of  strain 
relaxation  in  the  dots.  Finally,  the  transition  thickness  and  compressive  stress  values 
obtained  in  our  model  are  in  good  agreement  with  the  experimental  ones.  Figure  1  shows 
the  diamond  structure  of  Ge  in  (001)  and  (111)  orientations,  respectively. 
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Figure  1.  Rotation  from  (001)  to  (1 1 1)  around  the  axis  [1-10]  in  the  diamond  structure. 
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In  typical  heteroepitaxial  semiconductor  systems  such  as  Ge/Si  and  InAs/GaAs,  the  length 
scales  of  the  mechanism  growth  physics  is  of  the  order  of  a  few  monolayers  (e.g.’  size  of  the 
transition  thickness  and  critical  thickness,  width  of  non-interacting  misfit  dislocations,  etc.) 
These  lengths,  measured  on  atomic  scales,  entail  many  physical  phenomena,  basically  in 
the  prediction  of  macroscopic  behavior  like  the  surface  morphology  or  surface 
reconstruction,  phase  transition  and  other  features  associated  with  the  deposition  of  the 
atomic  layers. 

One  of  the  models  more  extensively  used  is  the  valence  force  field  (VFF),  where  the 
macroscopic  elastic  constants  of  a  crystal  are  directly  proportional  to  the  second  derivatives 
of  the  total  interatomic  potential  energy  [1-3].  In  fact,  this  model  was  sucessfully  applied  to 
analyze  the  strain  relaxation  and  interfacial  stability  and  to  evaluate  the  stress  distributions 
in  III-V  semiconductor  heteroepitaxial  systems  [4-5],  However,  the  application  of  VFF 
model  entails  large  time  of  computing  work  because  ail  the  terms  which  represent  the 
contributions  to  the  potential  energy  arise  from  different  spring  constants  corresponding  to 
the  several  interactions  between  nearest  neighbors  [2], 

To  overcome  this  difficulty,  many  authors  use  atomistic-like  scheme  of  Frenkel-Kontorova 
(F-K)  pattern.  Within  this  model,  the  equilibrium  positions  of  atoms  in  the  growing  layer 
result  from  the  competition  between  the  preferred  interatomic  separation  of  these  atoms, 
which  interact  through  harmonic  springs,  and  the  periodicity  imposed  by  the  rigid  potential 
of  the  substrate  [6],  Due  to  its  universality,  the  F-K  model  was  widely  applied  with  success 
in  many  areas  of  condensed-matter  physics  to  study  complex  static  and  dynamical 
phenomena  arising  from  purely  local  interactions  [7],  Following  the  F-K  model  applied  by 
Ratsch  and  Zangwill  [8]  to  characterize  the  phase  diagram  of  III-V  heteroepitaxial 
structures  as  a  function  of  the  total  number  of  atoms,  we  extend  this  treatment  to  investigate 
macroscopic  parameters  envolved  in  the  Stranski-Krastanov  (S-K)  growth  mechanism.  In 
our  study,  the  one-dimensional  classical  F-K  is  turned  to  1+1  dimensions  by  addition  of  an 
extra  potential  in  the  growth  direction.  The  tentative  potential,  whose  shape  is  similar  to 
that  of  Markov  and  Trayanov  [9],  accounts  on  the  interaction  of  the  atoms  of  the  growth 
film  with  the  substrate  material.  To  illustrate  the  effectiveness  of  this  new  approach, 
analytical  and  numerical  calculations  are  done  to  predict  the  transition  thickness  and  the 
phase  diagram  in  the  coherently  grown  Ge/Si  islands.  Figures  1  and  2  show  the  atomic  F-K 
configuration  and  the  tentative  potential  shape,  respectively. 
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Figure  1.  Frenkel-Kontorova  modified  configuration  scheme. 


Figure  2.  Tentative  potential  along  the  growth  direction. 
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A  chemically  sensitive  imaging  mode  based  on  adhesive  force  detection  by 
pulsed-force-mode  atomic  force  microscopy  (PFM-AFM)  [1,2]  and  its  application  to 
characterization  of  microcontact  printing  (pCP)  [3-5]  will  be  presented.  PFM-AFM  enables 
imaging  of  adhesive  forces  between  tip  and  sample  surfaces,  simultaneously  with  topographic 
imaging.  Since  the  adhesive  forces  are  related  to  interaction  between  chemical  functional 
groups  on  the  tip  and  sample  surfaces  [6-10],  we  combined  the  adhesive  force  mapping  with 
chemically  modified  tips  [11-14]  to  accomplish  imaging  of  a  sample  surface  with  chemical 
sensitivity.  Namely,  PFM-AFM  has  been  used  as  a  chemical  force  microscopy  [15-17].  The 
force  mapping  both  in  air  and  pure  water  with  CH3-  and  COOH-modified  tips  clearly 
discriminated  between  the  chemical  functional  groups  on  the  patterned  alkanethiol 
self-assembled  monolayers  (SAMs)  on  gold  consisting  of  COOH-  and  CF^-terminated 
regions  prepared  by  pCP  [  1 8, 1 9], 

Generally,  non-annealed  gold  substrates,  such  as  sputtered  and  vapor-deposited  gold  films, 
were  widely  used  for  pCP.  Sizes  of  grains  of  such  films  become  the  smaller,  the  better 
pattering  of  etched  films  in  nanometer  scales  can  be  performed  by  alkanethiol-gold  pCP. 
However,  granular  roughness  of  non-annealed  gold  substrates  prevents  SPM  observation  of 
topography  of  mixed  SAMs  of  jaCP,  because  the  height  difference  between  two  types  of  thiol 
derivatives  is  smaller  than  the  granular  roughness  [20].  Thus,  it  is  necessary  to  characterize 
SAMs  on  Au(lll)  terraces  to  improve  both  packing  of  SAMs  and  lateral  resolution  of  SPM 
imaging  of  pCP. 

Finally,  preparation  procedures  for  chemically  modified  tip  and  sample  surfaces  will  be 
presented  in  detail.  In  particular,  how  to  improve  packing  of  SAMs  and  lateral  resolution  of 
pCP  into  nanometer  scales,  will  be  discussed. 
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E-mail:esemenova@mail. ioffe.ru 

Abstract:  Modulation-doped  heterostructures  were  grown  by  molecular  beam  epitaxy  in  the 
InGaAs/InAlAs  metamorphic  material  system.  Optimization  of  the  low-temperature 
compositionally-graded  buffer  layer  allowed  us  to  improve  the  structural  perfection  of  active 
layers.  Electron  mobility  in  2D  channel  of  metamorphic  structure  grown  under  optimum 
conditions  (8100  cm2/Vs  at  300K)  noticeably  exceeds  typical  values  achieved  in  GaAs-based 
strained  InGaAs/AlGaAs  heterostructures. 

Modulation  doped  (MD)  InGaAs/InAlAs  heterostructures  epitaxially  grown  on  InP  substrates 
are  currently  widely  used  for  the  fabrication  of  low-noise  high-speed  transistors  [1].  The  main 
advantage  of  that  system  in  comparison  with  the  InGaAs/AlGaAs  structures  on  GaAs 
substrates  is  a  possibility  to  exploit  higher  indium  content  in  channel  layers  (usually  50% 
against  20%  in  case  of  strained  InGaAs/GaAs  QW).  This  leads  to  higher  conduction 
band  discontinuity  and  lower  electron  mass.  As  a  result,  higher  electron  concentration 
(>2xl012  cm'2  against  -lxlO12  cm'2)  and  higher  mobility  (>10000  cm2/Vs  against  -6000 
cm2/Vs)  are  achieved  in  2D  electron  gas  of  InGaAs/InAlAs/InP  heterostructures.  However, 
GaAs  substrates  have  several  significant  advantages  over  InP,  namely  larger  size  of 
commercially  available  wafers,  lower  fragility  and  lower  cost.  This  motivates  an  interest  to 
so-called  metamorphic  structures  grown  on  GaAs  substrates,  in  which  specific  epiaxial 
regimes  and  design  of  In(Ga)AlAs  buffer  layer  are  used  to  change  gradually  the  lattice 
constant  of  epilayer  from  GaAs  to  InP  while  burying  most  of  dislocations  inside  the  buffer 
layer  [2-6].  At  the  same  time,  a  possibility  to  fabricate  metamorphic  GaAs-based  structures, 
whose  transport  and  structural  characteristics  will  be  comparable  to  those  based  on  InP,  is  still 
challenging  due  to  incomplete  suppression  of  propagation  of  treading  dislocations  and  surface 
roughness  [5]. 

In  the  present  work  we  report  on  the  optimization  of  MBE  growth  conditions  for  metamorphic 
InAlAs/InGaAs/GaAs  MD  heterostructures  that  allowed  us  to  improve  significantly  material 
quality  and  achieve  room-temperature  electron  mobility  as  high  as  8100  cmWs. 

The  structures  studied  were  grown  in  a  Riber  32P  MBE  machine  on  semi-insulating 
GaAs(100)  substrates.  Reflection  high-energy  electron  diffraction  (RHEED)  pattern  was  in 
situ  monitored  to  control  surface  morphology  of  epilayers.  Composition  and  structural  quality 
were  evaluated  by  high-resolution  x-ray  diffraction  (HRXRD).  Carrier  concentration  and 
mobility  were  measured  by  the  Van  der  Pauw  method  using  a  BioRad  setup  at  77  and  300  K 
temperature.  Surface  morphology  and  degree  of  strain  relaxation  were  studied  by  scanning 
(SEM)  and  transmission  (TEM)  electron  microscopy. 

High  lattice  mismatch  between  InP  and  GaAs  (-3.5%)  leads  to  impossibility  of  direct 
epitaxial  growth  of  thick  and  structurally  perfect  layers  having  a  lattice  constant  matched  to 
InP  on  GaAs  substrates.  In  such  a  case,  strain  relaxation  proceeds  by  the  formation  of 
threading  dislocations  that  propagate  through  whole  thickness  of  the  epitaxial  layer.  As  an 
example  Fig.  1  shows  cross-section  TEM  image  of  0.6-pm-thick  Ino.3Gao.7As  layer  grown  on 
GaAs.  MD  heterostructures  under  investigation  are  based  on  InxAli-xAs  buffer  layer  with 
linearly-graded  In  content  (from  10%  to  58%).  The  following  layer  sequence  was  used 
starting  from  the  substrate:  0.9 -pm- thick  InAlAs  gradient  layer  and  0.4-pm-thick 
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200  nm 


Fig.  1  TEM  micrographs  of  InGaAs 
(x~30%)structure  on  GaAs  substrates 


■%/  ' 


300  nm 


Fig.  2  TEM  micrographs  of  InGaAs/InAl As/GaAs 

MDHS  with  metamorphic  gradient  buffer  on  GaAs 
substrates 


lo!!  f°Und,  th3t  the  deP°s,tI0n  of  the  buffer  layer  at  sufficiently  low  temperatures 
JS4UU  L)  is  a  key  point  to  prevent  propagation  of  threading  dislocations  into  the  upper 
(active)  layers.  It  is  clearly  seen  in  cross-section  TEM  image  in  Fig.  2.  At  the  same  time,  the 
surface  morphology  of  the  MD  heterostructure  also  strongly  depends  on  the  growth  regimes 
tor  the  buffer  layer.  We  have  found  however  that  very  low  temperatures  (around  350°C)  lead 
to  a  3D  growth  mode  as  it  follows  from  the  spotty  RHEED  pattern  observed.  In  opposite  at 
higher  growth  temperature  (~400°C)  2D  growth  mode  persists 


Thus  optimized  growth  condition  (400°C)  allows  us  to  prevent  dislocation  propagation  and 
still  have  smooth  interfaces.  In  its  turn,  this  suppresses  electron  scattering  due  to  interface 
roughness  and  thus  improves  electron  mobility  in  2D  gas.  In  optimized  structure  the  electron 
mobility  reaches  8100  and  33100  cnr/Vs  at  room  temperature  and  77K,  respectively,  with  the 
electron  concentration  of  1.2xl012  cm'2.  Similar  structure  grown  on  InP  substrate  (without 
gradient  buffer  layer)  demonstrated  the  electron  mobility  of  1 1050  and  51670  cm2/V  s 


In  conclusion,  the  optimization  of  metamorphic  gradient  buffer  of  modulation  doped 
heterostructures  based  on  GaAs  allowed  us  to  prevent  dislocation  propagation  into  the  active 
improve  surface  morphology.  We  achieved  room-temperature  mobility  of 
8100cm  /Vs  which  is  well  comparable  to  that  of  InP-based  structures  and  noticeably 
superior  to  pseudomorphic  GaAs-based  structures. 
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Using  molecules  as  functional  units  for  modeling  nanoelectronic  systems  has  been  the 
topic  of  ever  increasing  activity  over  the  last  two  decades.  Although  experimentally  there  is 
a  rapid  progress  in  measuring  transport  characteristics  of  molecular-scale  devices  including 
the  true  I-V  curves  [1,2],  from  theoretical  point  of  view  the  accurate  prediction  still  remains 
to  be  a  challenge. 

Recent  theoretical  research  has  been  focussed  on  gaining  qualitative  understanding  as 
well  as  on  the  development  of  ab  initio  methods  of  computing  transport  properties.  The 
Density  Functional  Theory  (DFT)  has  served  as  a  basis  for  the  most  of  these  studies.  The 
majority  of  condensed  matter  simulations  based  on  the  conventional  DFT  [3,4]  solve  only 
finite  systems,  such  as  isolated  molecules  or  periodic  systems  consisting  of  supercells.  The 
molecular-scale  conductor  though  is  neither  finite  nor  periodic.  It  usually  consists  of  a 
molecule  connected  to  the  infinite  electrodes  where  the  external  bias  potentials  are  applied 
which  makes  the  device  to  be  out  of  equilibrium.  To  overcome  these  difficulties  new  formal¬ 
ism  is  required  to  model  the  quantum  transport  in  molecular  electronics. 

In  this  work  we  briefly  describe  a  method  based  on  DFT  within  the  Keldysh  nonequi¬ 
librium  Green’s  function  formalism  so  that  nonlinear  charge  transport  properties  of  nano¬ 
electronic  device  can  be  predicted  without  any  phenomenological  parameters  [5,6].  We  then 
review  a  recently  developed  formalism  of  electron-phonon  interactions  and  show  that  vibra¬ 
tional  modes  of  molecule  has  to  be  taken  into  account  to  perform  the  current  calculations. 
Finally  we  apply  these  theories  to  investigate  a  Ceo  molecular  junction  connected  to  the 
metal  electrodes. 
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Copper  and  zinc  are  two  metals  commonly  used  in  the  manufacture  of  various  types  of 
products  which  applications  are  ranging  from  pipelines  in  water  distribution  systems  to 
construction,  decoration  or  protection  of  steel  in  the  car  industry.  To  protect  those  metals  from 
corrosion  (in  atmospheric  and  other  environments)  and  to  promote  adhesion  of  organic 
coating  or  adhesives,  we  had  recourse  to  the  chemistry  of  self-assembly.  In  this  context,  the 
grafting  of  an  alkanethiol  molecule  has  been  firstly  considered.  Prior  modification,  it  is  of 
major  importance  to  activate  the  bare  substrates  in  order  to  obtain  reduced  surfaces 
predisposed  to  form  strong  thiolate  bonds. 

The  (3-mercaptopropyl)trimethoxysilane  (MPST),  (MeO)3Si-(CH2)3-SH,  is  the 
organothiol  molecule  which  has  been  chosen.  The  different  behavior  of  this  bifiinctionnal 
molecule  on  copper  and  on  zinc  will  be  especially  commented.  Once  the  MPTS  molecule 
chemisorbs  onto  the  substrates  by  the  thiol  function  forming  a  self-assembled  monolayer,  it 
presents  a  trimethoxysilane  terminal  group  (-Si(OMe)3)  pointing  out  at  the  surfaces. 

The  next  challenge  has  been  the  determination  of  hydrolysis  conditions  able  to  bring 
those  groups  trough  a  siloxane  framework  (Si-O-Si)  containing  silanol  functions  (-SiOH)  as 
shown  at  Figure  1 .  This  has  to  be  done  without  any  alteration  of  the  modified  substrates.  Two 
pH-different  solutions  have  been  selected  for  those  experiments:  an  acidic  medium  for  the 
copper  substrates  and  an  alkaline  solution  for  the  zinc  surfaces. 


Figure  l :  schematic  view  of  hydrolysis  process  of  the  MPTS  film  on  metallic  surfaces 

To  increase  the  organization  of  the  molecular  assembly  and  to  further  prevent 
oxidation  of  the  substrates  modified  by  the  hydrolyzed  monolayer,  the  grafting  of  a  second 
organic  molecule  has  been  optimized.  The  (3-heptafluoroisopropoxy)propyltrichlorosilane 
(HIPS),  SiCl3-(CH2)3-0-CF(CF3)2,  has  been  chosen  for  that  purpose.  This  molecule  reacts  by 
condensation  of  its  terminal  trichlorosilane  group  (-SiCl3)  on  the  silanol  functions  still  present 
in  the  network. 

The  main  techniques  used  throughout  this  work  in  order  to  characterize  each  stage  of 
the  bi-dimensional  films  formed  on  copper  and  zinc  substrates  are  X-ray  Photoelectron 
Spectroscopy  (XPS)  and  contact  angle  measurements.  An  intense  fluorine  signal  confirmed 
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the  grafting  of  the  second  layer  on  the  XPS  spectra  while  analyses  of  the  doubly  modified 
surfaces  have  evidenced  hydrophobic  properties  by  contact  angle  measurements.  By  way  of 
example,  the  Figure  2  presents  XPS  Cls  spectra  of  the  MPTS/HIPS  bilayer  formed  on  a  Cu 


298  296  294  292  290  288  286  284  282  280 
Binding  Energy  (eV) 


Fieure  2  :  XPS  Cls  spectra  for  a  copper 
substrate  modified  by  MPTS  (a),  by  MPTS 
and  hydrolysed  (b)  and  covered  by  a  bilayer 
(MPTS  +  HIPS) 


surface  at  each  stage.  The  Cls  signal  visible  after  the 
MPTS  grafting  (Figure  2a)  is  made  of  two 
components  standing  for  the  two  distinct  types  of 
carbon  environment  of  the  MPTS  molecule:  carbon 
from  the  alkyl  chains  (Q  -  285.0  eV,  HS-(CH2)3- 
Si(OMe)3)  and  carbon  from  the  methoxy  groups  (C2  - 
287.0  eV,  HS-fCH-O-rSifOMeTy  After  measurement 
of  the  relative  areas  of  those  two  peaks,  it  appears 
than  the  experimental  ratio  Q/C?  corresponds  to  the 
theoretical  value  of  1.0  suggesting  than  only  few 
carbon  pollutants  are  physisorbed  at  the  surface  of 
the  modified  copper  sample.  Subsequently  to 
hydrolysis,  the  component  attributed  to  the  methoxy 
functions  has  almost  disappeared  of  the  Cls  spectrum 
leaving  only  the  Cls  signal  corresponding  to  aliphatic 
carbon  (Figure  2b).  This  evidences  the  successfulness 
of  the  acidic  treatment  to  form  the  expected  siloxane 
network  by  hydrolysis.  Finally,  after  grafting  of 
HIPS,  four  components  are  required  to  achieve  a 
proper  fit  of  the  signal  which  appears  in  the  Cls 
binding  energy  window  (Figure  2c):  the  aliphatic 
component  at  285.0  eV  and  three  additional  peaks 
describing  the  HIPS  molecule  itself  (287.0  eV,  290.5 
eV  and  293.3  eV  for  -C-0-,  -CF  and  -CF3, 


respectively.  The  relative  areas  of  the  four  components  correspond  to  the  structure  of  the 
HIPS  molecule  (two  -CF3  groups  for  one  -CF  and  one  -C-O-  function). 


The  electrochemical  cyclic  voltammetry  technique  has  been  performed  in  proper 
conditions  to  evaluate  the  blocking  of  the  substrates  at  each  step  of  their  modification  while 
the  polarization  curves  have  furnished  essential  information  useful  to  compare  the  dissolution 
rate  of  copper  and  zinc  along  with  the  chemical  modifications.  The  electrochemical 
measurements  have  proven  than  the  second  organic  layer  increase  considerably  the  protective 
efficiency  of  the  organic  coverage.  As  an  example,  a  blocking  factor  of  50  %  for  a  modified 
polycrystalline  copper  substrate  was  increased  to  85  %  with  the  formation  of  the  bimolecular 
organic  structure. 
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COATING  OF  MOLECULAR  FILMS  PREPARED  FROM  ORGANOSILANES  ON 
STAINLESS  STEEL  SURFACES 

F.  Sinapi3,5,  A.  Najia,  J.  Delhalle3,  Z.  Mekhalif 

"  Facultes  Universitaires  Notre-Dame  de  la  Paix 
Chemistry  Department,  LISE 
Rue  de  Bruxelles  61,  B-5000  Namur,  Belgium 
b  Fonds  pour  la  Formation  d  la  Recherche  dans  l  'Industrie  et  dans  l  ’Agriculture 
Rue  d’Egmont  5,  B-1000  Bruxelles,  Belgium 


Due  to  a  favorable  combination  of  advantageous  properties,  like  their  low  cost,  high 
strength,  ease  of  machining  and  shaping,  corrosion  resistance,  etc.,  stainless  steels  are 
considered  to  be  good  candidates  for  construction  and  automotive  industries  supplies,  for 
bipolar  plate  materials  for  the  polymer  electrolyte  membrane  fuel  cells,  but  also  for  numerous 
biomedical  applications,  etc.  This  alloy  is  used  in  many  areas  of  technology,  some  of  which 
require  the  development  of  coatings  and/or  primers  for  efficient  use  [1,2]. 

In  this  context,  the  chemistry  of  the  self-assembly  is  a  field  which  present  a  great 
technological  interest.  Through  the  deposition  of  molecules  with  specific  symmetry  or 
functionalities,  surfaces  can  be  tailored  for  particular  applications. 

Organosilane  molecules  with  a  general  structure  of  Y-spacer-SiX3  have  taken  on 
special  significance  in  recent  years  in  the  field  of  surface  modification.  Silane-based  self- 
assembled  methods  can  be  applied  on  such  surfaces  as  silica,  glass,  and  metal  oxides,  where 
surface  hydroxyls  can  react  with  proper  chemically  active  groups,  typically  methoxy-  or 
chlorosilanes  [3].  On  one  hand,  the  process  responsible  for  the  monolayer  formation  is 
relatively  simple  and  leads  to  strongly  linked  molecules  to  the  substrates  and,  on  the  other 
hand,  the  large  variety  of  chemical  Y  functionalities  brings  a  suitable  coupling  effect  allowing 
for  numerous  applications.  It  is  believed  that,  in  many  cases,  the  self-assembled  monolayers 
of  trifunctional  silanes  form  closely  packed  and  well-aligned  molecular  films  [4,5]. 


In  practical  applications,  alkoxysilanes  are  the  most  often  used  among  organosilane 
coupling  agents  because  they  are  relatively  easy  to  prepare  and  they  can  be  grafted  from 
aqueous  organic  solutions  [6].  However,  to  yield  dense  monolayers,  they  usually  require 
relatively  concentrated  solutions  (10'2  to  1  M)  as  well  as  a  control  of  their  oligomerisation  in 
solution.  Grafting  with  trichlorosilyl  groups  is  an  attractive  alternative  because  a  low 
concentration  (10'3  M)  in  apolar  hydrocarbon  solvent  (like  toluene)  and  a  short  reaction  time 
are  sufficient  to  form  tightly  packed  self-assembled  monolayers.  Unfortunately,  due  to  the 
reactivity  of  halosilane  moieties,  the  number  of  chemically  compatible  Y  groups  is  much 
more  restricted  than  the  case  of  alkoxysilanes  which  limits  the  possibilities  in  further  surface 
modifications. 

In  this  contribution,  we  will  focus  our  attention  on  the  ability  of  the  silane  groups  to 
chemisorb  on  mechanically  polished  stainless  steel  surfaces.  Accordingly,  the  tridecafluoro- 

1.1.2.2- tetrahydrooctyltrichlorosilane  (F3C-(CF2)5-(CH2)2-SiCl3)  and  the  tridecafluoro- 

1.1.2.2- tetrahydrooctyltriethoxysilane  (F3C-(CF2)5-(CH2)2-Si(EtO)3),  two  organosilanes  of 
similar  chain  length  terminated  with  essentially  non  reactive  Y  functions,  have  been  chosen  as 
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Figure T°*eCU'eS  A  SChemat'C  vieW  rePresentin§  th‘S  type  of  organic  assembly  is  displayed  at 

F3C-(CF2)5.a 

-(ch,)2— 


-SiXr--;^  -.S&T 

Figure^  ;  schematic  view  representing  the  grafting  of  organosilane  molecules  on  a  stainless  steel  surface 

The  differences  in  reactivity  properties  of  the  trichlorosilane  (-SiCL)  and  the 
triethoxysilane  (-Si(EtO)j)  terminal  functions  on  stainless  steel  surfaces  will  be  especially 
commented.  We  will  show  that  silanization  by  triethoxysilanes  in  dry  conditions  cannot 
produce  monolayer  films  with  high  density  due  to  steric  hindrance.  The  influence  of  various 
parameters  involved  in  the  modification  procedure  of  the  surfaces  will  be  evidenced  upon  the 
organosilane  self-assembled  monolayers  formation.  We  will  particularly  insist  on  the  effect  of 

pH  of  the  modification  solution  and  immersion  time  of  the  samples  upon  chemisorption  of  the 
two  organosilanes. 

XPS  characterization,  optical  microscopy  imaging  as  well  as  contact  angle 
measurements  have  been  performed  in  order  to  characterize  the  stainless  steel  surfaces 
modified  by  the  two  molecules. 
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CONSEQUENCES  OF  CLUSTER  BASED  MODELS  FOR  THE 
ELECTRODES  IN  SINGLE  MOLECULE  CONDUCTION 

CALCULATIONS 

Gemma  C.  Solomon,  Jeffrey  R.  Reimers,  Noel  S.  Hush 
School  of  Chemistry,  The  University  of  Sydney 
NSW  Australia  2006 
E-mail:  solomon@chem.usvd.edu.au 

Despite  considerable  progress  in  the  methods  used  to  calculate  the  currents  through 
single  molecules  there  remains  a  lack  of  quantitative  agreement  between  calculated 
and  experimental  results.  In  fact,  the  calculated  current  is  typically  several  orders  of 
magnitude  higher  than  that  obtained  experimentally.  There  are  a  number  of  factors  in 
the  system  that  can  contribute  to  this  disparity  but  one  of  the  most  significant  is  the 
method  by  which  the  electrodes  are  modelled. 

For  computational  ease  semi-infinite  electrodes  are  represented  by  a  cluster  of  atoms, 
some  of  which  may  be  treated  as  part  of  the  molecule.  For  quantitative  agreement  it  is 
necessary  to  expand  these  clusters  so  as  to  improve  the  approximation  to  a  semi¬ 
infinite  electrode.  Unfortunately,  with  the  expansion  of  the  electrode  come  resonant 
states  that  provide  highly  conducting  pathways  with  no  physical  origin.  These  states 
can  be  removed,  as  they  are  in  real  systems,  by  the  breaking  of  symmetry  or  phonon 
interactions. 

We  show  that  the  fictitiously  high  currents  produced  by  many  calculations  are  due  to 
unphysical  constraints  placed  on  the  relative  geometries  of  the  electrodes  and  present 
some  improved  computational  schemes. 
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NUMERICAL  ANALYSIS  OF  QWL  CHARACTERISTICS 

Andreea  Rodica  Sterian 

Academic  Center  in  Optical  Engineering  and  Photonics, 

Bucharest  Polytechnical  University,  Bucharest,  Romania,  sterian@physics.pub.ro 


The  rate  equations  model  of  the  QWL  with  the  Channin  or  Agrawall  gain  saturation 
factor  as  well  as  the  model  using  a  third  equation  for  the  carriers  in  the  heterostructure  with 
separate  confinement  (SCH)  are  used  for  numerical  analysis  of  the  QWL  characteristics. 

The  simulations  are  based  on  adaptive  step  5th  order  Runge-Kutta  algorithm  and  on  LU 
decomposition  and  forward  /  backward  substitution  algorithm  to  study  transient  and  dynamic 
behaviour  of  the  device  respectively  frequency  response  of  the  device  using  Mathcad 
programming  medium. 

The  model  with  linear  gain  saturation  was  integrated  for  a  constant  injection  signal, 
while  the  model  with  nonlinear  gain  saturation  was  studied  for  injected  signals  constant, 
sinusoidal  and  a  dreptunghiular  one,  which  for  some  few  periods  was  defined 
correspondingly. 

Another  program  was  elaborated  for  the  third  considered  QWL  model  „with  carriers 
transport”,  for  similar  (constant,  sinusoidal  and  dreptunghiular)  injection  signals. 

The  obtained  waveforms  of  the  Ij  and  the  output  optical  power  P  are  graphically 
represented  for  each  situation  separately  (Fig.  1). 


Fig.  1.  Output  power  and  injection  current  versus  time  when  the  QW  laser  is  excitet  with  a  train  of 

pulses 

The  frequency  response  was  studied  using  the  small  signal  equations,  written  in  the 
matriceal  form,  being  easy  implementable  in  Mathcad  (Fig.  2). 
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Fig.  2.  Frequence  respons  of  the  QW  laser  for  different  biasing  current 
( S{f )  is  the  foton  density) 

The  bandwidth  of  the  QWL  is  dependent  of  the  injection  current  and  the  gain 
coefficient,  fact  illustrated  graphically. 

The  values  of  the  models  parameters  for  numerical  simulation  are  disponible  in 
literature  or  are  imposed  by  the  particular  studied  device. 

At  low  injection  signals  the  results  are  in  full  agreement  with  theoretical  predictions 
but  at  high  injection  level  specific  limits  are  observed. 

The  technological  parameters  of  some  practical  structures,  determinated  using  the 
obtained  results  were  verified  using  the  properties  of  these  structures  established  by 
equivalent  circuit  method. 
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CONDUCTING  MOLECULAR  NANOSTRUCTURES 
ASSEMBLED  FROM  CHARGE-TRANSFER  COMPLEXES 
GRAFTED  ONTO  SILICON  SURFACES 

John  C.  Stires,  Dustin  S.  Siegel,  Jinny  C.  Kwong,  Jonathan  B.  Caballero,  Clifford  P. 

Kubiak* 

University  of  California,  San  Diego,  Dept,  of  Chemistry  and  Biochemistry,  9500 
Gillman  Drive,  La  Jolla,  CA  92093,  Phone:  (858)822-2477,  Fax:  (858)534-5383 

*  To  whom  correspondence  should  be  addressed:  Telephone:  (858)  822-2665.  Fax: 

(858)  534-5383.  F.-mail:  ckubiak@ucsd.edu 

Heterodimeric  electon-donor/electron-acceptor  charge-transfer  complexes 
chemisorbed  onto  Au(l  1 1)  by  attachment  of  the  electron-donor  to  the  surface  have 
been  shown  through  scanning  tunneling  microscopy  and  Kelvin  probe  experiments  to 
exhibit  nearly  Ohmic  anisotropic  conductivity  at  low  bias  through  the  extended  pi- 
orbital  system.  The  electrical  properties  of  the  charge-transfer  complex  are  vastly 
different  than  those  of  the  electron-donor  alone  which  exhibits  insulating  behavior  at 
low  bias.  In  an  extension  of  this  work,  analogous  charge-transfer  complexes  are 
attached  to  semiconducting  or  insulating  surfaces  with  the  intent  of  designing 
molecular  electronic  devices.  Fabrication  of  nanoscale  molecular  electronic  devices  is 
achieved  by  attaching  one  component  of  a  charge-transfer  complex  to  a  silicon 
surface  by  chemically  directed  self-assembly.  The  single  component-functionalized 
surface  is  then  used  as  a  substrate  on  which  the  second  component  of  the  charge- 
transfer  complex  is  deposited  by  the  atomic  force  microscopy  method,  dip-pen 
nanolithography.  Derivatives  of  hexamethylbenze  (electron-donor)  with  terminal 
olefins  attached  to  crystalline  silicon  surfaces  via  hydrosilylation  form  monolayer- 
functionalized  silicon  surfaces  that  are  expected  to  have  insulating  properties.  Well- 
defined  features  can  be  “drawn”  onto  the  donor-functionalized  surfaces  by  dip-pen 
nanolithography  using  tetracyanoethylene  (electron-acceptor)  as  the  “ink.”  The 
resulting  charge-transfer  complex  nanostructures  have  conducting  properties  suitable 
for  device  function  and  are  flanked  by  an  insulating  monolayer,  thus  creating  “wires” 
made  from  charge-transfer  complexes. 

Keywords:  Molecular  electronics,  charge-transfer  complex,  dip-pen  nanolithography 


Charge-transfer  complex  on  Si  surface  Multi-pen  DPN 

charge- 


A  FETmade  of 
transfer  complexes 
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SUB  10-nm  ELECTRON  BEAM  LITHOGRAPHY  USING  SOL- 
GEL-BASED  OXIDE  RESISTS 

K.R.V.Subramanian.  M.S.M.  Saifullah  and  M.E.Welland 

The  Nanoscience  Centre,  IRC  in  Nanotechnology,  University  of  Cambridge,  1 1  J.  J. 
Thompson  Avenue,  Cambridge  CB3  OFF,  United  Kingdom 

We  present  direct  writing  of  sub- 10  nm  structures  by  an  electron  beam  using  spin- 
coatable  inorganic  resists  of  AI2O3,  UO2  and  ZKD2  prepared  by  chemically  reacting 
their  respective  metal  alkoxides  with  P-diketones  or  p-ketoesters.  Aluminium  tri-sec 
butoxide  was  stabilized  with  acetylacetone  and  various  P-ketoesters  while  titanium 
and  zirconium  butoxides  have  been  stabilized  with  benzoylacetone.  This  resulted  in 
the  formation  of  a  chelated  complex.  This  complex  was  found  to  be  stable  in  air. 

Electron  beam  exposed  spin-coated  inorganic  resists  were  found  to  be  amenable  for 
development  in  common  organic  solvents  such  as  acetone  and  gave  negative  patterns. 
These  resists  are  more  than  a  million  times  sensitive  to  an  electron  beam  than  the 
sputtered  films  thus  bringing  their  sensitivity  very  close  to  conventional  organic 
resists  such  as  calixarene. 

FTIR  data  from  regions  exposed  to  varying  electron  doses  show  the  breakdown  of  the 
chelate  ring  under  the  electron  beam  and  this  make  them  insoluble  in  organic  solvents 
such  as  acetone.  This  was  exploited  to  produce  sub- 10  nm  lines.  This  approach  offers 
a  new  way  of  patterning  inorganic  nanostructures  without  using  the  lift-off  technique 
and  offers  greater  freedom  to  write  complex  structures. 
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HYBRID  ORGANIC/INORGANIC  COMPOSITES  BASED  ON 
SEMICONDUCTOR  NANOCLUSTERS  IN  POLYMERS 

M.  Tamborra  a,  M.  Striccoli  b,  R.  Comparelli a,  M.  L.  Curri  b,  A.  Petrella  a,  D.  Cozzoli  a,  A. 

Agostiano  a,b 
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II-VI  nanocrystals  (NCs)  are  receiving  considerable  attention  for  applications  in  optoelectronics 
and  photonics  as  optical  switches,  sensors,  electroluminescent  devices  and  lasers  [1].  The  ability  to 
synthesize  nanoparticles  of  specific  dimensions  allows  obtaining  systems  with  tunable  emission, 
given  the  strong  dependence  of  the  first  optical  transition  on  size.  For  most  applications  the  biggest 
challenge  to  successfully  using  NCs  is  improving  their  optical  properties.  Colloidal  methods 
provide  effective  routes  to  prepare  semiconductor  NCs  that  are  soluble  in  organic  solvents  and  with 
a  narrow  size  distribution,  while  surface  chemistry  is  an  efficient  tool  not  only  to  organize  and 
immobilize  the  NCs,  but  also  to  effectively  modify  the  emission  properties.  The  possibility  to 
perform  manipulation  of  prepared  nanocrystals  by  properly  engineering  the  surface  by  means  of 
capping  exchange  procedures  enables  the  nanocrystals  to  be  placed  in  almost  any  chemical 
environment,  being  soluble  in  organic  solvent. 

Much  recent  effort  has  been  directed  toward  the  fabrication  of  polymer  nanocomposites  containing 
nanometer-sized  nanocrystals  of  inorganic  semiconductors.  Highly  monodisperse  quantum  dots, 
coupled  with  polymers,  offer  an  unprecedented  level  of  control  over  the  molecular  architecture  of 
the  composite  materials.  Processed  nanocrystals  can  be  converted  into  functional  nanostructured 
materials  by  exploiting  their  incorporation  in  to  polymer  matrix  and  selective  positioning  onto 
suitably  patterned  substrate  by  using  self-assembling  techniques. 

Hybrid  organic-inorganic  heterostructures  can  provide  new  venues  to  a  more  extensive 
comprehension  of  NC  physical  behavior,  to  modulate  and  exploit  their  properties  on  a  mesoscopical 
scale,  and,  even  more  important,  to  create  completely  new  and  original  materials  having  designed 
characteristics  and  high  degree  of  flexibility  for  different  applications.  These  composite  can  be 
fabricate  in  3D  structures  with  customized  properties,  depending  on  the  nanocrystals  and  on  the 
polymeric  moieties  but  also  on  their  peculiar  and  specific  interactions. 

Several  polymers,  with  different  structural,  optical  and  mechanical  properties  are  potential 
candidates.  In  this  work  both  transparent,  insulating,  such  as  PMMA,  polystyrene  and 
semiconducting  polymer,  MEH  -PPV  have  been  used  to  test  the  possibility  of  create  these  new 
composite  materials  and  check  their  optical  properties. 

Conjugated  polymers  are  another  interesting  class  of  material  for  combination  with  NCs,  being 
ideal  candidates  for  realizing  large-area  devices.  They  possess  favourable  optoelectronic  properties 
and  easy  processability  as  thin  solid  films,  behaving  like  a  bulk,  amorphous,  semiconductor  in  solid 
state  form.  In  many  cases,  their  energy  gap  and  the  ionization  potential  can  readily  be  tuned  by 
chemical  modification  of  the  polymer  chains.  The  wider  band  gap  materials  can  be  effectively  used 
to  passivate  the  non-radiative  recombination  sites  existing  on  the  surface  of  the  nanocrystals  due  to 
unsaturated  bonds,  enhancing  the  optical  performances  and  improving,  the  photochemical  stability. 
In  this  work,  hybrid  nanocomposites  based  on  high  luminescent  CdS  NCs  [2]  and  PMMA  and 
polystyrene  polymers  have  been  prepared  and  their  optical  properties  investigated  in  function  of 
nanocrystals  concentration  in  the  matrix.  PL  measurements  indicate  a  narrowing  of  NCs  spectral 
features  and  an  enhancing  of  the  emission  intensity. 
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Figure  I:  Absorption  spectrum  of  a  blend  formed  by  MEHPPV  polymer  and  CdS  in  CHCI3 


Spectroscopic  measurements  have  performed  on  MEH-PPV/CdS  nanocrystal  blend,  showing  that 
remarkable  wavelength  shifts  are  not  observed  for  both  of  the  two  components  spectral  features, 
thus  suggesting  a  negligible  ground-state  charge-transfer  between  the  polymer  and  the  nanocrystals. 
Moreover,  there  is  no  evidence  for  any  absorption  corresponding  to  an  indirect  charge-transfer 
transition  between  the  two  mixture  components  [3]. 

New  results  on  electrical  measurements  for  oxide  TiC>2  dot  and  nanorod  [4]  composites  with  low 
molecular  weight  MEH-PPV  polymer  report  for  the  effective  role  of  blend  in  increasing  the 
electrical  transport.  In  fact  in  this  respect,  the  use  of  dispersed  hetero-junctions  can  be  advantageous 
due  to  the  availability  of  numerous  interfaces  for  enhanced  charge  transfer  between  the  mixture 
components. 
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The  unique  properties  of  diamond  make  it  an  exceptional  material  for  a  large  variety  of 
applications,  such  as  in  optical  components,  electronic  devices  and  wear-resistant 
coatings. 

Recent  progress  in  the  field  of  chemical  vapor  deposition  (CVD)  synthesis  provides  a 
very  important  tool  for  obtaining  smooth  high-purity  homoepitaxial  diamond  films. 
During  the  last  years  a  lot  of  experimental  work  has  been  focusing  on  the  hydrogenated 
and  clean  diamond  surfaces,  since  the  electrical  and  frictional  properties  of  diamond  are 
strongly  influenced  by  the  presence  of  hydrogen  (Ref.  1-4). 

Although  pure  diamond  is  known  to  be  an  insulator,  conduction  measurements  are 
possible  even  on  “  undoped  ”  diamond  films.  The  conductivity  mechanism  involved 
remains  elusive  but  is  mostly  related  to  impurities,  defects,  amorphous  structures,  grain 
boundaries  or  adsorbed  water  and  the  presence  of  hydrogen  termination  seems  to  be  a 
necessary  but  not  sufficient  factor.  In  this  respect  nanofriction  experiments  could  also 
provide  a  good  indication  upon  the  presence  of  the  surface  hydrogenation. 

In  the  present  work  tunneling  and  friction  force  measurements  have  been  carried  out 
using  a  Variable  Temperature  (VT)  UHV-AFM/STM  on  a  homoepitaxially  grown  (100) 
diamond  surface.  The  atomically  resolved  structures  corresponding  to  carbon  dimers 
(Fig.  1)  and  the  friction  force  maps  are  discussed  in  relation  to  the  sample  preparation  and 
subsequent  surface  structure  and  properties. 
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Figures: 


Fig.l  STM  topographic  image  of  the  hydrogenated  (100)  diamond  surface. 
Dimer  rows  are  visible  (0.5  nm  separation). 
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Nanofabrication  is  one  of  the  building  blocks  of  nanothecnology  research  and  large  efforts  are 
devoted  to  develop  new  approaches.  In  fact,  optical  lithography  is  reaching  its  physical  limits, 
mainly  due  to  diffraction  phenomena,  and  novel  configurations  must  be  designed  to  overcome 
this  technological  limitation  and  enable  feature  size  well  below  100  nm. 

Atom  lithography  [1]  has  attracted  recently  a  large  interest,  as  it  represents  a  new  fabrication 
approach  with  the  advantages  of  standard  optical  lithography,  but  not  limited  by  diffraction 
effects  and  potentially  able  to  produce  structures  with  typical  features  in  the  range  of  few  tens 
of  nm.  Atom  lithography  is  conceptually  similar  to  optical  lithography,  the  main  difference 
being  the  replacement  of  the  light  beam  with  a  neutral  particle  beam.  The  atomic  beam  can  be 
space  segregated  using  both  physical  or  light  masks,  the  latter  being  one  of  the  most 
interesting  features  of  atom  lithography.  In  fact  an  atom  in  a  quasi  resonant  non  uniform  e.m. 
field  feels  a  force,  known  as  dipole  force,  described  by  the  relation: 

Fjip  =  — V/(x)  (1) 

8  5Isat 

where  Isa,  is  the  saturation  intensity  of  the  atomic  transition,  y  the  natural  linewidth,  5  the 
detuning  of  the  e.m.  field  with  respect  to  the  atomic  transition  and  I(x)  its  intensity.  In  the 
simple  case  of  a  one-dimensional  standing  wave  with  wavelength  X=2n/k,  I(x )  =  Io  sin2(Ax), 
and  atoms  will  be  pushed  toward  the  minima  or  maxima  of  the  standing  wave,  depending  on 
the  sign  of  the  detuning,  generating  an  array  of  nanolines  spaced  X/2.  The  so  focussed  atom 
beam  can  be  directly  deposited  on  a  proper  substrate  or  used  to  impress  a  particle  sensitive 
resist  that  allows  to  transfer  the  generated  pattern  to  the  substrate  after  an  etching  step.  The 
advantage  of  using  a  neutral  particle  beam  and  a  light  mask  is  that  diffraction  does  not 
represent  a  limiting  factor  as  in  optical  lithography,  since  the  de  Broglie  wavelength  of  a 
particle  beam  is,  generally,  well  below  I  nm.  Furthermore,  limitations  related  to  the 
periodicity  of  the  light  mask  can  be  overcome  by  using  holographic  masks  or  a  proper 
movement  of  the  substrate  during  the  deposition.  The  main  limiting  factors  in  the  space 
resolution  of  thetechnique  are  related  to  the  divergence  of  the  atomic  beam,  and  to  effects  of 
chromatic  and  spherical  aberrations,  due  to  its  non  perfect  monocromaticity. 

We  are  currently  developing  an  atom  lithography  experiment  where  a  laser-cooled  cesium 
beam,  that  is  a  beam  with  a  reduced  longitudinal  velocity,  is  used.  The  main  aim  of  our 
implementation  is  to  fully  understand  the  limits  of  the  technique,  as  the  exploitation  of  cold 
atoms  is  expected  to  reduce  the  contribution  of  the  above  mentioned  broadening  phenomena. 

We  have  built  an  apparatus  where  a  pyramidal  funnel  of  atoms  is  used,  i.e.,  a  simplified 
configuration  of  magneto-optical  trap  (MOT)  able  to  produce  a  beam  of  slow  cesium  atoms. 
The  atomic  beam  leaving  the  funnel  is  then  collimated  by  using  resonant  laser  light,  as  in 
standard  laser  cooling  techniques.  The  main  advantage  of  our  configuration  with  respect  to 
effusive  atom  sources  is  the  lower  longitudinal  velocity  of  the  beam  (10  m/s  vs  hundreds  of 
m/s  typical  for  thermal  beams).  This  leads  to  a  larger  interaction  time  during  the  collimating 
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and  focusing  stages,  which  is  expected  to  give  rise  to  sharper  deposited  structures.  Laser 
radiation  for  the  experiment  operation  is  provided  by  a  set  of  diode  lasers,  working  around 
85 1  nm. 

We  have  characterized  the  atomic  beam  leaving  the  funnel  [2]  by  measuring  its  density,  size, 
divergence,  longitudinal  velocity  and  temperature.  Induced  fluorescence  images,  acquired 
using  a  CCD  camera,  and  absorption  measurements  show  a  beam  divergence  of  25  mrad,  a 
longitudinal  velocity  in  the  range  7-12  m/s  (depending  on  the  trapping  parameters)  and  a  flux 
up  to  4  x  109  atoms/s.  The  atomic  beam  diameter  (FWHM)  is  1  cm  measured  30  cm 
downward  the  funnel  apex,  at  the  position  of  the  substrate. 

The  collimation  is  based  on  a  2D  optical  molasses.  The  collimating  laser  beam  is  elliptical  in 
shape  (13  mm  x  6  mm),  with  the  longer  axis  along  the  longitudinal  direction,  leading  to  an 
interaction  time  ~1  ms.  We  were  able  to  reach  less  than  2  mrad  (corresponding  to  the 
measurement  uncertainty)  in  beam  divergence,  leading  to  a  beam  intensity  above  7  x  1010 
atoms/cm2  s  over  an  area  of  a  few  mm2  at  the  deposition  region  [3]. 

Atom  focussing  is  accomplished  by  a  ID  stationary  wave,  leading  to  beam  segregation  into  an 
array  of  parallel  planes,  spaced  exactly  one  half  the  wavelength  (~  426  nm).  The  segregated 
atomic  beam  is  used  to  impress  a  thiole-based  SAM  resist,  and  standard  wet-etching 
procedures  are  applied  to  transfer  the  pattern  onto  the  underlying  gold  substrate.  Sample 
analyses,  carried  out  by  measuring  the  diffraction  of  light  with  different  wavelengths  by  the 
grating  of  lines  and  trenches  transferred  to  gold,  demonstrates  the  attainment  of  equi-spaced 
parallel  lines.  Preliminary  AFM  observations  (Fig.  1)  reveal  a  lateral  definition  of  the  lines 
well  below  100  nm,  mainly  limited  by  the  grain  size  of  the  resist  and  by  local  defects  of  the 
used  substrates. 

The  work  is  supported  by  EC  through  RTD-IST  “NANOCOLD”  and  by  CNR  through 
Progetto  Applicative  “Nanotecnologie”. 
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Figures: 


Fig.  1:  3D  perspective  view  of  an  AFM  image  acquired  on  one  of  our  samples  fabricated  with 
a  one  dimensional  standing  wave. 
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MAGNETIC  PROPERTIES  OF  FE@CU@FE  “ONION-LIKE” 
NANOPARTICLES  PREPARED  BY  THE  MICROEMULSION 

TECHNIQUE 

T.  Tarrazo.  J.  Rivas,  and  M.A.Lopez-Quintela 
Laboratory  of  Magnetism  and  Nanotechnology 
Instituto  Tecnologico  de  Santiago,  Campus  Universitario  Sur 
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The  study  of  the  properties  of  nanomaterials  is  nowadays  a  very  important  topic  from 
both,  scientific  and  technological  point  of  view.  In  particular,  multilayers  of 
ferromagnetic-non  magnetic  materials  are  one  of  the  keys  for  the  achievement  of  new 
developments  in  Spin  Electronics  [1].  Until  now  a  lot  of  very  exciting  results  have  been 
obtained  in  2D  multilayers  using  physical  preparation  techniques,  like  sputtering,  beam 
epitaxy,  etc  [2],  In  this  work  we  will  show  that  by  means  of  a  chemical  preparation 
technique,  namely,  the  microemulsion  method  [3],  one  can  obtain  multilayer 
nanoparticles  (O-dimensional  “onion-like”  particles)  showing  a  very  reach  behaviour, 
similar  to  that  observed  in  the  bidimensional  world. 

Fe@Cu@Fe  “onion-like”  nanoparticles  were  prepared  using  AOT-based 
microemulsions  by  the  successive  reaction  technique  [4],  In  brief,  the  technique  consists: 
1)  preparation  of  Fe  cores  of  4nm  size.  2)  After  the  formation  of  these  kind  of  particles, 
new  reactants  were  introduced  into  the  microemulsions  to  prepare  a  Cu  shell  around  the 
Fe  cores.  The  Cu  thickness,  which  can  be  varied  by  changing  the  reactant 
concentrations,  was  in  the  range  0.5  -  1.0  nm.  3)  Finally,  a  third  layer  of  Fe  was 
deposited  onto  the  previous  particles  with  a  thickness  of  around  0.7  nm. 

The  magnetic  properties  of  the  samples  were  studied  using  a  Vibrating  Sample 
Magnetometer  at  room  temperature  after  precipitation  and  washing.  All  this  procedure 
was  performed  under  an  inert  atmosphere  in  order  to  avoid  the  oxidation,  as  much  as 
possible.  The  as-obtained  particles  are  passivated  by  a  surfactant  layer  which  can  be 
eliminated  by  heating  the  samples  at  Te  =  300°C,  as  it  can  be  seen  in  the 
thermogavimetric  analysis  performed  (figure  1).  It  has  been  observed  that  all  the 
surfactant  can  be  removed  after  a  3h  annealing  treatment. 

In  order  to  see  the  influence  of  the  surfactant  protecting  layer  on  the  magnetic  properties 
of  our  assembly  of  particles,  we  have  prepared  different  samples  treated  under  reduction 
conditions  (H2  atmosphere)  at  various  temperatures  and  annealing  times.  In  order  to  see 
the  evolution  of  the  magnetic  properties  with  the  reduction  treatment  below  Te,  in  figure 
2  it  is  shown  the  magnetic  behaviour  of  particles  with  a  Cu  layer  of  0.7nm.  In  figure  2a 
one  can  see  a  magnetization  curve  of  the  as-obtained  particles  corresponding  to  a 
superparamagnetic  behaviour  of  the  samples.  After  a  heat  treatment  of  200  °C  during  3 
h,  it  is  observed  (figure  2b)  a  clear  evolution  towards  a  antiferromagnetic  behaviour  of 
isolating  particles.  When  the  heat  treatment  is  enough  to  eliminate  the  surfactant 
passivating  layer,  the  samples  begin  to  behave  as  a  granular  alloy,  as  it  can  be  observed 
in  figure  3,  corresponding  to  the  behaviour  observed  after  an  annealing  of  3h  at  300°C. 
The  magnetic  behaviour  can  be  now  identified  with  an  aintiferromagnetic  interlayer 
exchange  coupling  between  the  unprotected  particles.  This  behaviour  is  similar  to  that 
obtained  by  Parkin  et  al  [5]  for  [Fe-Cr(1.15nm)]N  multilayers  with  N  =2,  obtained  by 
magnetron  de  sputter  deposition  in  a  high  vacuum  system. 
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Figures: 


Figure  1.  Thermogavi metric  analysis  of  the  surfactant-passivated  onion-like  nanoparticles 
showing  the  surfactant  decomposition  at  Te  =  300°C. 
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Figure  2.  Hysteresis  loops  of  the  surfactant  protected  Figure  3.  Hysteresis  loop  of  the  same 

Fe@Cu@Fe  nanoparticles:  a)  as-obtained;  b)  after  a  sample  as  figure  2a  after  a  heat  treatment 

heat  treatment  with  H2  at  200°C  during  3h.  w'^  at  ^00  °C  during  jh.  Under  these 

conditions  the  surfactant  is  removed. 
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Abstract 

Conductive  and  transparent  aperture  tips  are  the  substantial  presumption  for  creation 
of  STM/SNOM  hybrid  microscopy.  For  this  purpose  only  a  few  techniques  have  been 
proposed,  which  are  either  expensive  or  having  poor  reproducibility  [1-3].  We  have  proposed 
a  simple  and  cheap  sol-gel  technique  to  prepare  of  fibres  with  a  suitably  sharp  apex,  so  that 
they  can  be  used  as  SPM  tips  [4],  In  present  investigation  we  have  extended  the  scope  of 
materials  in  addition  to  Sn02  also  Ti02  and  Si02.  The  fibres  were  spun  off  from  a  high 
viscosity  solution  of  polymerised  alkoxide  and  dopants,  hydrolysed  in  humid  air  and  baked  at 
520  °C  for  several  hours.  The  radii  of  the  resulting  tips  were  estimated  by  transmission 
electron  microscopy  to  be  less  than  50nm  for  TiO?and  Sn02  tips. 

The  resistivity  of  the  transparent  Sn02  fibres  was  measured  using  different  Sb-doping 
(0.5-1  w%)  of  the  tin  oxide.  The  temperature  dependence  of  the  conductivity  and  the  light 
absorption  were  investigated  down  to  liquid  He  temperatures. 

Introduction 

STM/SNOM  is  a  hybrid  device  affording  to  gather  the  information  about  the  surface 
morphology  and  topology  working  in  STM  microscopy  mode  simultaneously  using  local 
optical  near-field  excitation.  The  creation  of  such  kind  instrument  is  described  in  some 
publications  [1-3].  In  spite  of  those  investigations  STM/SNOM  hybrid  has  not  found  wide 
use. 

The  serious  drawback  restricting  the  development  of  STM/SNOM  is  the  complicated 
production  process  of  suitable  sensors.  The  suitable  tip  should  have  the  properties  enabling 
focusing  the  optical  near-field  radiation  to  the  same  point  with  the  location  of  arising  the 
tunnel  current  on  the  surface.  In  case  of  STM/SNOM  subatomic  resolution  can  be  achieved 
simultaneously  with  maximum  resolution  (about  50-100  nm)  of  near-field  optical  microscopy 
and  spectroscopy.  For  this  purpose  aperture  and  apertureless  tips  have  been  used  [1-3].  The 
drawback  of  applied  technologies  is  the  high  cost  laborious  preparation  methods  and  the  low 
resolution  in  STM  mode  at  the  case  of  aperture  less  kind  of  tips. 

Process 

The  result  of  our  investigation  is  creation  of  STM/SNOM  hybrid  microscopy  and  the 
cheap  technology  for  preparing  sensors  for  that.  In  our  resent  work  we  have  described  first 
time  the  sol-gel  synthesis  of  the  Sb  doped  tin  oxide  tips  with  properties  suitable  for 
application  as  STM/SNOM  sensors  [4].  Obtained  tips  had  apex  radius  about  ~50nm.  We  also 
demonstrated  that  material  maintain  its  electrical  conductivity  and  optical  transparency  down 
do  liquid  He-temperature.  We  have  demonstrated  that  generality  of  the  sol-gel  technology 
enables  to  obtain  Ti02  and  some  other  oxide  based  tips. 

The  sol-gel  technique  carried  out  in  this  work  can  be  divided  to  four  steps:  the 
precursor  synthesis,  tips  spinning,  their  post-producing  treatment  and  characterisation  of  tips. 
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Suitable  precursors  have  been  obtained  by  adding  water  to  alkoxide  followed  by  heating  in 
opened  vessel.  Those  methods  are  similar  to  the  techniques  used  for  making  precursors  of 
oxide  fibres  [5,6].  It  was  noticed  that  high  viscosity  and  high  rate  of  gelation  of  the  precursor 
material  are  the  most  significant  factors  at  producing  tips  sol-gel  method.  The  MALDI-TOF 
analysis  for  oxide  precursor  materials  indicated  that  the  precursors  for  TiC>2,  SnC>2  and  SiC>2 
tips  are  polymers  with  the  molecular  masses  up  to  some  thousands.  Long  linear  chains  of 
polymeric  components  are  the  essential  for  obtaining  high  viscosity  precursor  materials. 

For  the  spinning  of  fibres  by  classical  glass  rod  method  was  used  in  which  a  jet  was 
spun  off  from  the  viscous  sol  precursor  into  the  humid  air  for  gelation  process.  Tips  were 
obtained  if  the  sol  jet  was  broken  off  in  the  air.  The  two  step  post-producing  treatment  of  tips 
was  carried  out  with  the  aim  to  obtain  tips  with  higher  hardness,  optical  transparency  and 
electroconductivity.  The  hydrolysis  of  tips  in  humid  air  was  followed  by  the  heat  treatment 
up  to  520  °C  in  air. 

Conclusions 

By  this  work  we  have  demonstrated  that  the  tips  obtained  by  sol-gel  method  are  able 
to  work  in  SPM  mode  with  resolution  of  few  nanometres.  The  advantage  of  tips  obtained  by 
sol-gel  method  is  their  high  mechanical  and  chemical  stability,  appropriate  geometry  and  low 
cost. 
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MAGNETOCHEMISTRY  AND  SPECTROSCOPIC  STUDIES 
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We  have  completed  a  preliminary  series  of  experiments  that  compare  the 
silicate  shells  of  marine  organism  diatoms  to  Single-Wall  NanoTubes  (SWNT),  Multi- 
Wall  Nano  Tubes  (MWNT),  Exfoliated  Graphite  (EG),  and  silica  beads  as  templates 
for  producing  nanostructures  of  the  manganese  acetate  cluster  (Mnl2).  Mnl2 
(Mn,2[CH3C00)i6(H20)40i2]*2CH3C00H«4H20)  exhibits  magnetic  properties 
because  of  the  molecular  arrangement  within  the  cluster  and  exhibits  no  exchange 
couplings  between  the  individual  clusters.  Data  from  a  Scanning  Electron 
Microscope  (SEM),  High  Resolution  Transmission  Electron  Microscopy  (HRTEM), 
Laser  Diffraction,  and  Superconducting  Quantum  Interference  Device  (SQUID)  are 
discussed  in  terms  of  research  that  can  be  directed  towards  the  use  of  diatoms  as  well 
as  other  materials  for  templates  for  nanostructures.  Mnl2  grown  in  EG  and  SWNT 
exhibits  shifts  in  its  blocking  temperature  and  a  quenching  of  Quantum  Tunneling  of 
Magnetization  (QTM)  observed  in  the  hystersis  loop.  We  attribute  these  shifts  to  a 
shift  of  the  Mn-0  vibrational  energy  levels  caused  by  forces  exerted  when  the 
graphic  sheets  encapsulate  the  cluster. 

Photothermal  emission  (PTE)  from  black  substances  is  a  well-known 
interference  in  FT-Raman  spectroscopy  when  incorporating  a  relatively  high  power 
near  infrared  laser  as  the  radiation  source.  PTE  appears  as  a  large,  broad  spectral 
feature  in  the  2800-3300  cm'1  region.  We  demonstrate  that  when  KBr(s)  is  used  as  a 
matrix  for  measuring  the  FT-Raman  spectra  of  Single  Wall  Nanotubes  (SWNT)  the 
PTE  is  quenched.  We  attribute  this  reduction  to  thermal  transfer  of  energy  from  the 
SWNT  to  the  KBr  matrix.  Expanding  the  research  to  related  alkali-halide  salts,  we 
found  a  reduction  of  PTE  in  KC1  and  NaBr  but  minimal  reduction  of  PTE  in  the  NaCl 
matrix.  We  measured  PTE  in  a  KBr  matrix  containing  Multiwall  Nanotubes 
(MWNT),  Graphite  Dust,  and  Buckmisterfullerene  (Ceo)  and  found  that  PTE  either 
remained  constant  or  increased. 
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Adsorption  of  alkanes  on  a  Gold  substrate  is  simulated  by  a  simple  computational  scheme 
that  combines  the  “glue  model”  for  Gold  [1],  a  standard  force  field  for  alkanes  [2]  and  a 
combination  of  the  charge  equilibration  model  [3]  and  the  Born-Mayer  potential  for  their 
interaction.  The  adsorption  energies  of  10  short  chains  on  the  Au(l  11)  surface  are  reproduced 
with  an  average  error  of  less  than  1  kcal  mol'1.  The  results  allow  extension  of  the  use  of  the 
model  to  investigate  the  appeareance/disappeareance  of  ordered  deposition  on  gold  of  longer 
alkanes  [4].  The  unexpected  transition  to  disorder  occurs  for  chains  between  18  and  26 
carbon  atoms  and  has  been  ascribed  to  the  mismatch  between  the  Au(lll)  lattice  and  the 
ClU-group  periodicity,  a  feature  that  is  here  is  shown  to  hinder  the  formation  of  short,  i.e. 
docking,  C-Au  distances. 
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A  resonating  nano-cantilever  excited  electrostatically  through  a  parallel  driver  electrode,  is 
the  basis  of  a  mass  sensor  developed  for  having  high  mass  and  spatial  resolution  [1],  A 
cantilever  mass  increment,  due  to  molecule  absorption,  implies  a  shift  on  the  resonant 
frequency.  In  order  to  detect  and  amplify  the  capacitive  current  which  is  used  as  a  readout 
signal,  a  CMOS  circuitry  is  monolithically  integrated  along  with  the  cantilever  based 
transducer. 

The  cantilever  driver  transducer  is  modelled  by  a  precise  electromechanical  model  in  order 
to  have  a  good  prediction  of  the  current  signal  levels  [2],  as  well  as  the  need  for  the 
optimisation  of  excitation  voltages  and  of  the  transducer  geometrical  dimensions. 

Previous  models  have  been  developed  in  order  to  predict  the  cantilever  driver  static  and 
dynamic  behaviours  [3].  However,  the  new  model  here  presented  takes  into  account  the 
bended  static  deflection  shape  of  the  cantilever  and  the  fringing  field  effect  on  the  electrical 
cantilever-driver  interaction  due  to  the  cantilever  finite  dimensions.  In  this  model,  the  static 
deflection  shape  obtained  from  solving  the  Euler-Bemouilli  equation  by  a  2D  finite  element 
simulator  [4]  is  taken  as  the  initial  operating  point  for  the  dynamic  simulations. 

The  static  deflection  versus  driver-cantilever  voltage  characteristic,  as  well  as  the  dynamic 
oscillation  amplitude  versus  frequency  of  the  excitation  voltage,  have  been  optically 
measured  in  order  to  validate  the  model  (figs  2  &  3).  The  Young  modulus  of  the  cantilever 
has  been  determined  by  applying  a  known  force  at  its  end  and  measuring  its  deflection 
using  an  atomic  force  microscope[5].  Mass  density  and  quality  factor  are  derived  by  fitting 
the  model  predicted  static  and  dynamic  curves  to  the  experimental  points. 
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Figure  1:  Static  behaviour:  experimental  and  simulated  end  cantilever  displacement  versus 
static  voltage  applied. 
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Figure  2:  Dynamic  behaviour:  experimental  and  simulated  dynamic  oscillation  amplitude 
versus  excitation  signal  frequency  for:  a)  Vdc=15;  VAc-pp=20V;  b)  VDc=35;  VAc-pp=7V; 
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RESONANT  RADIATIVE  AND  NON-RADIATIVE  COUPLING 
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Abstract:  We  study  numerically  the  radiative  and  non-radiative  decay  rates  of  a  molecule  close  to 
the  apex  of  a  metallic  tip.  We  show  that  both  rates  present  a  resonance  at  different  frequencies 
which,  in  general,  do  not  coincide.  This  behavior  is  explained  by  a  general  model  describing  the 
resonant  behavior  of  the  electromagnetic  response  of  the  tip.  We  also  investigate  the  influence  of  a 
small  defect  located  close  to  the  tip  apex.  We  show  that  it  may  substantially  modify  the  ratio 
between  the  radiative  and  non-radiative  contributions,  and  induces  a  frequency  shift  of  the 
resonances.  This  may  explain  why  experiments  on  single-molecule  fluorescence  dramatically 
depend  on  the  tip  quality. 

©2003  Optical  Society  of  America 

OCIS  codes:  (290.5840)  Scattering,  molecules;  (260.2510)  Fluorescence;  (260.5740)  Resonance 


Sharp  metallic  tips  producing  highly  localized  and  bright  sources  can  be  used  to  enhance  the 
fluorescence  of  single  molecules  [1],  A  recent  numerical  study  of  the  field  scattered  at  the  apex  of 
gold  tips  of  various  shapes  has  shown  that  local-field  enhancement  factors  of  several  thousands 
can  be  expected  [2].  While  the  tip  induces  a  strong  enhancement  of  the  local  field,  it  also  creates 
new  channels  for  the  desexcitation  of  the  molecule.  The  competition  between  radiative  and  non- 
radiative  decay  is  a  key  point  for  the  optimization  of  the  techniques  and  a  fundamental  issue  in 
nano-optics  [3].  It  has  been  studied  numerically  in  various  geometry  [4,5]  or  using  a  simplified  tip 
model  and  an  electrostatic  approximation  [6],  The  results  demonstrated  the  importance  of  non- 
radiative  coupling  at  short  distance  and  the  influence  of  the  transition-dipole  orientation  with 
respect  to  the  structure.  Strong  tip-molecule  coupling  can  be  obtained  when  the  emission 
frequency  corresponds  to  a  resonance  of  the  tip.  Such  a  situation  is  expected  to  induce  both  a  local- 
field  enhancement  and  a  higher  decay  rate  of  the  molecule,  but  does  not  ensure  an  enhanced 
radiative  emission  rate.  From  a  practical  point  of  view,  a  key  issue  is  to  find  a  situation  in  which, 
at  the  emission  frequency  of  the  molecule,  a  resonance  enhances  the  radiative  decay  only. 

The  purpose  of  this  work  is  to  present  a  quantitative  study  of  this  problem,  using  a  numerical 
simulation  able  to  account  for  optical  resonances  in  small  particles  or  tips  with  great  accuracy  [7]. 
We  directly  compute  the  radiative  and  non-radiative  decay  rates,  as  well  as  the  local  field 
enhancement  factor  for  different  distances  to  the  tip  and  different  orientations  of  the  transition 
dipole  (see  Fig.  1).  We  focus  on  the  importance  of  the  position  of  the  excitation  and  emission 
frequencies  with  respect  to  the  resonant  frequencies  of  the  tip.  In  particular,  we  study  the  influence 
of  a  small  defect  located  close  to  the  tip  apex  Two  main  results  are  put  forward:  (1)  For  a  given  tip, 
the  resonant  frequencies  of  the  radiative  and  non-radiative  decay  rates  do  not  coincide.  It  is  shown 
that,  in  order  to  enhance  the  local  field  (excitation)  and  the  radiative  decay  rate  (emission),  one 
should  not  use  a  tip  whose  resonance  coincide  with  the  transition  frequency.  (2)  The  presence  of  a 
defect  may  substantially  modify  the  ratio  between  the  radiative  and  non-radiative  contributions, 
and  induces  a  frequency  shift  of  the  resonances.  This  may  explain  why  experiments  on  single¬ 
molecule  fluorescence  dramatically  depend  on  the  tip  quality.  In  view  of  these  results,  we  think 
that  this  study  should  have  broad  experimental  applications. 
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Fig.  i.  Radiative  (TR)  and  non-radiative  (FNr)  emission  rates  close  to  a  silver  tip, 
with  or  without  defect. 
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THREE  ELECTRODE  TITRATION  FOR  DIRECT  pKa 
MEASUREMENT  OF  Ti02  NANOPARTICLES 
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The  high  surface  to  volume  ratio  inherent  in  nanosize  materials  necessitates  the 
exploration  of  their  surface  properties.  These  properties  are  important  for  both  basic  research 
and  applications  such  as  photocatalysis1,  dye  sensitized  solar  cells2,  batteries3  and  full  cells4. 
The  acidity  of  the  surface  is  one  of  the  surface  parameters  that  are  important  by  themselves 
but  at  the  same  time  they  provide  insight  into  other  surface  properties  of  the  investigated 
material. 

Thus  the  ability  to  measure  the  surface  acidity  of  nanoparticles  at  high  resolution  will 
significantly  enhance  the  characterization  quality  of  these  materials.  Previous  studies  of  the 
surface  properties  of  metal  oxides  reported  the  pKa  of  several  metal  oxides  in  aqueous 
solutions5.  However,  in  these  studies  the  pKa  value  is  determined  indirectly  using  extensive 
modeling  resulting  in  both  low  resolution  and  model  dependent  accuracy. 

In  a  preliminary  system  where  we  used  simple  potentiometric  titration  we  showed 
that  we  can  measure  directly  the  pKa  of  nanosize  Ti02  (p25).  However  the  amount  of  powder 
needed  is  very  large  ca.  lOg  per  titration.  This  amount  needed  to  overcome  ions  surface 
complexations  that  are  part  of  the  titration  procedure  (titration  executed  in  HNO3  and  the 
titrant  is  NaOH),  and  side  titrations  of  impurities  that  may  “screen”  inflection  points  (for 
example  titration  of  H2CO3  and  Na2C03). 

Thus,  it  is  important  to  develop  a  titration  method  for  nanosize  metal  oxides  that 
allowed  the  monitoring  of  its  inflection  points  with  relatively  low  amount  of  powder(the 
lowest  is  the  better).  This  work  expose  our  recent  develop  of  such  method  -  The  “three 
electrode  titration”.  It  contains  internal  reference  electrodes  that  cancel  out  all  side  titrations 
and  stream  effects.  The  titrations  here  were  executed  with  different  Ti02  powders 
(commercial  and  home  synthesized).  Modifications  of  this  titration  system  are  examine  here 
in  order  to  reduce  noises. 
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DEPOSITION,  PURIFICATION  TREATMENT  AND  X-RAY  TESTS  OF 
CARBON  SWNT  FOR  CHANNELING  APPLICATIONS 

F.Tombolini.  S.  Bellucci,  V.  Biryukov,  S.  Bini,  G.  Giannini 
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In  recent  years,  with  creation  of  nanotubes,  there  has  been  a  substantial  interest  in  channeling 
in  nanostructures [1-3].  Since  1991  [4],  there  has  been  a  lot  of  study  on  carbon  nanotubes  to 
understand  their  formation  and  properties.  Carbon  nanotubes  stick  out  in  the  field  of 
nanostructures,  owing  to  their  exceptional  mechanical,  capillarity,  electronic  transport  and 
superconducting  properties  [5-7].  They  are  cylindrical  molecules  with  a  diameter  of  order  1 
nm  and  a  length  of  many  microns  [8].  They  are  made  of  carbon  atoms  and  can  be  thought  of 
as  a  graphene  sheet  rolled  around  a  cylinder  [9].  Nanotubes  can  be  made  of  different  diameter, 
length,  and  even  material  other  than  carbon  [20].  Creation  of  suitable  channeling  structures, 
from  single  crystals  to  nanotubes,  of  sufficient  quality  would  make  a  strong  impact  onto 
accelerator  world.  A  particle  beam  channeled  in  nanotube  could  be  efficiently  steered 
(deflected,  focused,unduIated,  extracted  from  accelerator,  etc.)  in  the  way  quite  similar  to 
crystal  channeling. 

Compared  to  bent  crystal  technique,  however,  nanotubes  offer  unique  characteristics  like 
bigger  angular  acceptance  and  potentially  bigger  dechanneling  lengths  [1-3].  It  was  shown  [3] 
that  a  bent  carbon  nanotube  of  1.4  nm  diameter  has  a  significant  effective  potential  well  Ueff 
even  for  bendings  equivalent  to  @  300  Tesla  or  pv/R3  1  GeV/cm  (the  beam  momentum  ratio 
to  curvature  radius),  so  there  exists  an  opportunity  to  steer  particle  beams  by  nanotubes, 
similarly  to  bent  crystal  channeling  technique. 

As  shown  in  computer  simulations  (10),  nanotubes  can  efficiently  channel  particle  beams  thus 
making  a  basis  for  a  new  technique  of  beam  steering  at  accelerators.  The  most  critical  factor 
in  implementation  of  this  technique  is  the  alignment  of  nanotubes  within  the  sample  .To  this 
purpose  in  our  laboratory  we  produce  well-aligned  bundles  of  nanotubes.  With  the  arc 
discharge  method  we  make  linear  e  non  distorted  single-wall  carbon  nanotubes  as  shown  in  a 
preliminary  STM  image(  fig.  1).  The  detailed  procedure  of  arc  discharge  method  is  presented 
in  the  poster  of  Bini  et  al.  We  also  produce,  in  the  inner  cylindrical  cathode  deposite,  bundle 
of  multi-wall  carbon  nanotubes  that  could  be  used  for  channeling.  By  field  emission 
measurements  we  estimate  a  density  of  carbon  nanotubes  of  about  0.025  tubes  for  square 
micrometer.  But  carbon  nanotubes  raw  material  contain  numerous  by-products,  like 
amorphous  carbon,  fullerene  and  carbon  polyhedra.so  they  must  have  purified  without 
damaging  their  cilindrical  structure. 

To  this  purpose  we  have  sonicated  our  samples  in  IPA  for  about  30  minutes  and  then  we 
have  put  them  in  a  furnace  at  temperature  of  about  700  Celsius  degree  to  oxidate  all 
amorphous  carbon.  In  this  way  we  purify  our  sample  to  obtain  a  better  density  of  nanotubes. 

To  test  the  structure  of  carbon  nanotubes  we  use  X-ray  test  to  determine  deformations  to  the 
honey  comb  cylindrical  structure. 

Finally  next  step  in  this  direction  will  be  to  use  CVD  method  to  satisfy  the  request  of 
channeling:  the  best  alignment  of  carbon  nanotubes  within  the  sample. 
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ELECTRON  BEAMS 

MJ.  van  Bruggen,  N.  Silvis  Cividjian,  C.W.  Hagen*,  and  P.  Kruit 

Delft  University  of  Technology,  Faculty  of  Applied  Sciences,  Lorentzweg  1, 
2628CJ  Delft,  The  Netherlands 
*  Corresponding  author,  E-mail:  hagen@cpo.tn.tudelft.nl 


With  Electron  Beam  Induced  Deposition  (EBID)  in  Scanning  Electron  Microscopes 
(SEM)  it  is  possible  to  create  patterns  without  using  resist.  The  EBID  mechanism  is 
based  on  the  dissociation  of  complex,  so-called  precursor  molecules  adsorbed  onto  a 
substrate  surface.  It  is  a  direct  deposition  method  and  a  large  variety  of  materials  can 
be  deposited  on  any  surface.  However,  these  structures  rarely  have  sizes  below  20  nm, 
although  the  probe  sizes  of  the  instruments  are  substantially  smaller.  We  have 
recently  modelled  this  process  in  a  Monte  Carlo  method  [1]  and  were  the  first  to 
explain  in  detail  why  the  minimum  structure  size  was  20  nm.  Through  that  insight  we 
could  also  propose  a  method  to  fabricate  structures  as  small  as  2  nm  and  were  able  to 
write  some  simple  carbon  structures  almost  that  small  [2](see  figs.  1-3). 


Fig.  2.  TEM  image  of  five  arrays  of  C  dots  deposited  on 
a  C  film.  The  arrows  point  to  the  smallest  arrays  of  dots, 
with  an  estimated  average  dot  diameter  below  2  nm. 


Fig.  3.  Integrated  cross-sectional  plot 
across  the  parallel  dot  arrays  of  fig.  2. 
The  arrows  point  to  the  arrays  with 
sub-2  nm  dots. 


These  structures  were  written  in  a  state-of-the-art  Scanning  transmission  Electron 
Microscope  (STEM)  using  a  1  nm  probe  and  200  keV  electrons.  The  substrate  used 
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was  an  uncleaned  10  nm  thin  carbon  foil  that  provided  by  itself  sufficient 
hydrocarbons  as  a  precursor.  The  secondary  electrons  generated  in  the  substrate,  as 
well  as  in  the  deposit,  cause  the  dissociation  of  the  precursor  into  a  carbon  deposit  and 
some  volatile  components.  The  exposure  dose,  defined  as  the  charge  needed  to  fill  a 
unit  area  with  6.5  nm  wide  lines  (as  in  fig.  1)  is  6010  C/m2.  This  is  only  three  times 
larger  than  the  statistical  shot-noise  limited  dose  needed  to  write  1  nm  wide  lines  in 
resist-based  electron  beam  lithography  (104  electrons  in  a  1-nm  pixel).  Therefore,  the 
EBID-STEM  method  has  potential  to  become  a  viable  lithography  technique  for  the 
fabrication  of  20-2  nm  structures.  The  roadmap  as  presented  by  the  international 
semiconductor  community  (ITRS  International  Technology  Roadmap  for 
Semiconductors)  forms  the  basis  for  future  developments  in  the  semiconductor 
industry.  The  present  “node”  is  90  nm,  with  isolated  structures  already  at  65  nm. 
There  is  a  view  as  to  how  one  can  go  down  to  22  nm  isolated  structures,  expected  to 
be  in  production  in  2013.  However,  it  might  stop  there:  there  hardly  are  any  ideas 
about  how  to  continue.  The  EBID-STEM  method  may  become  very  useful  in  this 
area.  Apart  from  the  necessity  to  create  a  new  technology  for  future  generations  of 
micro  electronics,  the  availability  of  such  technology  will  immediately  be  applicable 
in  the  rapidly  growing  field  of  nanoscience  and  technology.  This  includes  such 
diverse  disciplines  as  nanophysics,  micro-,  nano-,  and  molecular  electronics, 
spintronics,  data  storage,  molecular  biology  and  -biophysics,  nanochemistry  and 
nanofluidics. 

We  presently  develop  the  instrumentation  for  the  EBID-STEM  technique,  which  is 
based  on  a  dedicated  STEM  and  includes  extensive  gas  handling  facilities,  variable 
temperature  substrate  holder,  pattern  generator,  etc.  To  develop  the  technique  further 
into  a  fast-lithography  technique  we  develop  a  multibeam  source,  such  that  many 
parallel  beams  write  nanostructures  simultaneously.  The  necessity  for  multiple  beams 
becomes  clear  when  the  throughput  is  calculated  for  typical  currents  in  sub-nm  probes 
in  combination  with  electron  doses  as  mentioned  above.  We  propose  a  set  up  in  which 
the  flood  illumination  of  a  Schottky  thermal  field  emitter  is  divided  into  multiple 
beams  by  an  aperture  array.  These  beams  are  then  focused  by  a  lens  array  to  obtain 
plural  images  of  the  original  source,  which  are  projected  onto  the  wafer  by  the  optics 
of  the  STEM  in  which  the  multibeam  source  will  be  mounted.  Using  a  Schottky 
source  implies  a  high  brightness,  needed  for  EBID,  combined  with  both  uniformity 
and  current  stability.  The  resulting  sub-nm  beams  are  scanned  over  the  wafer 
simultaneously,  while  the  desired  pattern  can  be  written  by  switching  them  on  and  off 
individually  by  means  of  beam  blankers,  which  are  incorporated  in  the  multibeam 
source  module.  The  whole  unit  could  be  fabricated  using  micro-electro-mechanical 
systems  (MEMS)  manufacturing  technology. 

Acknowledgement:  the  support  of  H.B.  Groen,  FEI  Company,  The  Netherlands,  is 
gratefully  acknowledged. 
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MONTE  CARLO  ANALYSIS  OF  FOUR-TERMINAL  BALLISTIC  RECTIFIERS 

B.  G.  Vasallo.  T.  Gonzalez,  D.  Pardo  and  J.  Mateos 
Departamento  de  Flsica  Aplicada,  Universidad  de  Salamanca 
Plaza  de  la  Merced  s/n,  37008,  Salamanca,  Spain 
E-mail:  a50343@usal.es 

The  use  of  devices  exploiting  ballistic  transport  of  electrons  is  one  of  the  possible 
approaches  for  overcoming  the  limits  of  traditional  scaling  when  reaching  the  nanometer 
range.  Indeed,  recent  works  have  achieved  an  important  improvement  of  this  type  of  devices 
using  InGaAs  channels  with  high  In  content  [1,2],  for  which  room  temperature  operation  is 
possible,  since  the  mean-free-path  of  electrons  in  this  material  is  still  larger  than  100  nm  at 
300  K.  In  particular,  novel  semiconductor  rectifiers  based  on  ballistic  electron  transport  have 
been  fabricated  by  inserting  a  triangular  scatterer  (antidot)  into  the  center  of  a  ballistic  cross 
junction  [3], 

The  design  cycle  of  ballistic  structures  can  be  significantly  accelerated  by  using 
simulation  tools  for  the  determination  of  the  optimal  geometry  of  the  devices,  thus  becoming  a 
valuable  alternative  to  the  expensive  and  time-consuming  test-and-error  procedure.  In  this 
work  we  present  a  microscopic  analysis,  performed  by  means  of  Monte  Carlo  (MC) 
simulations,  of  the  transport  properties  of  ballistic  rectifiers  with  geometries  similar  to  that 
studied  in  [3],  based  on  AlInAs/InGaAs  channels.  For  the  correct  modeling  of  these  devices,  a 
3D  simulation  would  be  necessary  to  take  into  account  the  effect  of  the  lateral  surface  charges 
and  the  real  geometry  of  the  structures.  However,  a  2D  MC  model  can  be  enough  to  describe 
these  devices  if  some  simplifications  and  assumptions  are  made.  For  instance,  the  real  layer 
structure  is  not  considered;  instead,  a  background  doping  is  assumed  [4],  To  ensure  the 
accuracy  of  this  approximation  the  values  of  two  important  parameters  must  be  carefully 
chosen:  the  background  doping  in  the  channel  and  the  lateral  surface  charge  density.  MC 
simulations,  based  on  a  semiclassical  transport  description,  provide  an  insight  of  the  processes 
taking  place  inside  the  devices,  thus  allowing  us  to  relate  the  macroscopic  results  of  the 
experiments  with  the  microscopic  behavior  of  electrons.  Our  model  is  able  to  qualitatively 
reproduce  the  main  features  of  the  ballistic  effects  measured  in  real  rectifiers  [3],  thus 
indicating  that  coherent  transport  plays  no  significant  role  on  the  main  characteristics  of  these 
devices.  Moreover,  due  to  the  versatility  of  the  MC  method,  our  approach  allows  us  to  analyze 
and  optimize  different  possible  geometries  for  the  ballistic  rectifier  (dimensions,  shape  of  the 
scatterer,  opening  angle  of  the  lateral  branches,  etc.)  and  to  study  its  behavior  at  different 
temperatures. 

As  an  example  of  the  results  we  obtain,  Fig.  1  shows  the  values  of  the  potential 
between  the  bottom  and  top  branches  ( VBT )  at  several  temperatures  when  biasing  left  and  right 
branches  in  push-pull  fashion,  V=VL=-VR,  obtained  from  the  MC  simulation  of  the  device 
sketched  in  the  inset.  When  biasing  right  and  left  branches  in  this  fashion,  a  negative  potential 
appears  in  both  central  branches  (bottom  and  top),  but  with  different  values  due  to  the  unequal 
width  of  the  opening  space  between  the  horizontal  and  the  top/bottom  branches,  leading  to  an 
asymmetric  injection  of  carriers  into  them.  The  behavior  of  VBt  for  low  V  remains  parabolic 
up  to  a  given  biasing,  for  which  the  unbalanced  injection  of  charge  into  the  top  and  bottom 
branches  reaches  a  saturation  regime.  This  behavior  is  due  to  the  ballistic  transport  of 
electrons,  and  thus  disappears  when  increasing  the  temperature  and  transport  becomes 
diffusive.  More  detailed  results  of  this  study  will  be  presented  at  the  conference. 
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V(V) 


Fig.  1.  Vbt  as  a  function  of  V  when  biasing  with  V=VL--VR  the  ballistic  rectifier  with  the 
geometry  shown  in  the  inset  at  different  temperatures. 
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LONG  WAVELENGTH  LASERS  GROWN  ON  MET  AMORPHIC  GaAs 

SUBSTRATES 

A.P.  Vasilyev.  A.E.  Zhukov,  S.S.  Mikhrin, ,  A.R.  Kovsh,  N.A.  Maleev,  E.S. 

Semenova, 

N.V.  Kryzhanovskaya,  A.G.  Gladyshev,  M.V.  Maximov,  V.M.  Ustinov,  N.N. 

Ledentsov 

A.F. Ioffe  Physico-Technical  institute,  RAS 
194021,  St.  Petersburg,  Russia 

We  report  on  novel  approach  for  achieving  efficient  photoluminescence  in  the 
1.3- 1.5  pm  range  from  heterostructures  grown  on  GaAs  substrates.  We  demonstrate  that  a 
high-quality  InGaAs  layer  can  be  grown  on  top  of  metamorphic  buffer  on  GaAs  substrate. 
This  InGaAs  layer  is  used  to  accommodate  strained  InGaAs  quantum  well  of  higher  indium 
content  or  InAs  QDs.  The  quantum-well  luminescence  reaches  1.26  pm  at  room  temperature 
while  the  intensity  is  only  30%  lower  than  that  of  conventional  InGaAs  strained  quantum 
well  placed  in  a  GaAs  matrix.  For  1.5  pm  range  stacked  InAs/InGaAs  quantum  dots  are  used 
as  an  active  media  of  metamorphic  InGaAs-InGaAlAs  lasers  grown  on  GaAs  substrates.  QD 
lasers  with  high  quantum  efficiency  (r|j>60%)  and  low  internal  losses  (a  <  3-4  cm  -1  ^  are 
realized.  The  transparency  current  density  per  single  QD  layer  is  estimated  as  ~70  A/cm'  and 
the  characteristic  temperature  is  60  K  (20  -  85°  C).  The  emission  wavelength  exceeds  1.51 
pm  at  temperatures  above  60°  C. 

Self-organized  In(Ga)As  quantum  dots  and  nitrogen-containing  quantum  wells  [1] 
have  been  proposed  for  creating  active  region  of  long-wavelength  GaAs-based  lasers.  At  the 
same  time  their  laser  characteristics  are  still  inferior  in  comparison  with  conventional 
InGaAs/GaAs  quantum-well  lasers  of  the  0.95-1.1  pm  range.  In  case  of  InGaAsN  quantum- 
well  structures  low-temperature  growth  of  the  active  region  (~420°C),  which  is  required  to 
prevent  phase  separation,  usually  results  in  formation  of  non-radiative  recombination  centers. 

A  possibility  to  exploit  metamorphic  growth  mode  for  the  wavelength  lasers  has  not 
been  studied  in  detail  yet  in  spite  of  the  fact  that  such  an  approach  is  currently  widely  used 
for  HEMT  structures  [2].  A  virtual  substrate,  which  has  larger  lattice  parameters  and  lower 
bandgap  as  compared  to  the  GaAs,  can  be  created  by  the  deposition  of  sufficiently  thick 
metamorphic  InGa(Al)As  buffer  layer  directly  on  initial  GaAs  substrate.  Such  an  approach 
allows  one  to  avoid  growing  the  active  region  at  very  low  temperatures  and,  simultaneously, 
to  exploit  wavelength  extension  in  QW  or  QD  lasers. 

Heterostructures  under  investigation  were  grown  by  molecular  beam  epitaxy  on 
GaAs(100)  substrates  with  a  0.5-pm-thick  metamorphic  buffer  deposited  at  400°C.  The  rest 
epitaxial  layers  were  grown  at  500°C.  In  the  first  sample  (referred  to  as  MMQW)  a  8-nm- 
thick  Ino.4Gao.6As  quantum  well  was  inserted  into  a  0.5-pm-thick  Ino.21Gao.79As  matrix  layer 
confined  by  short-period  Ino.21Gao.79As/  Ino.21Alo.79As  superlattices.  The  second  structure  has 
active  region  comprised  of  multiple  QD  sheets  deposited  on  top  of  a  metamorphic 
Ino^Gao.gAs  layer  and  formed  using  2.7  ML  InAs  deposition  and  a  4-nm-thick  Ino.4Gao.6As 
layer  overgrowth.  45  nm-thick  In0.2Ga0.sAs  spacers  were  used  to  separate  10  planes  with 
QDs. 

Diode  lasers  based  on  InGaAs  QW  with  100-pm-wide  stripes  demonstrate  room- 
temperature  lasing  at  1.29  pm  (as  show  on  Fig.l.)  with  the  minimum  threshold  current 
density  of  3.3  kA/cm2  (0.4  kA/cm2  at  85K). 


TNT2003 


September  15-19,  2003 


Salamanca-Spain  261 


Threshold  current  density  J,}„  A/cm2 


Poster 


In  Fig.  2.  we  show  the  dependence  of  the  threshold  current  density  on  the  inverse 
cavity  length  for  MMQD  laser.  2  mm-long  cavities  demonstrate  threshold  current  densities 
~1.4  kA/cm  .  The  transparency  current,  estimated  as  extrapolation  of  the  threshold  current 
density  to  the  infinite  cavity  length  is  -700  A/cm  2  (-70  A/cm2  per  single  QD  sheet). 
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Fig.  I.  Dependences  of  the  threshold 
current  density  and  lasing  wavelength  on 
the  temperature.  Stripe  width  is  100  pm. 
Inset  :  lasing  spectrum  at  the  room 
temperature  (290  K). 


Fig.  2.  Dependences  of  the  threshold 
current  density  on  the  inverse  cavity  length 
measured  at  room  temperature.  Stripe 
width  is  100  pm. 

Inset  :  electroluminescence  and  lasing 
spectra  for  the  sample  with  a  2  mm  cavity 
length. 


In  conclusion,  we  fabricated  broad-area  metamorphic  InGaAs  QW  and  InAs/InGaAs  QD 
lasers.  For  QW  laser  lasing  at  1.29  pm  was  demonstrated.  For  QD  laser  High  quantum 
efficiency,  low  losses  and  high  temperature  operation  was  demonstrated.  The  results  obtained 
show  the  potential  of  these  structures  for  metropolitan  area  networks  edge-  and  surface-  emitting 
lasers. 


This  work  was  supported  by  Russian  Foundation  for  Basic  Research  and  Program  of  the 
Ministry  of  Science  of  Russia  “Physics  of  Solid  State  Nanostructures”. 


References 

[1]  V.M. Ustinov  and  A. E. Zhukov,  Semicond.  Sci.  Technol.  15(8),  R41-R54  (2000). 

[2]  Sh.-I.  Gozu,  T.  Kita,  Y.  Sato,  et  al.,  J.  Cryst.  Growth  227  -228,  155-160  (2001). 


262  TNT2003 


September  15-19,  2003 


Salamanca-Spain 


Poster 


Fonctionalization  of  multi-walled  carbon  nanotubes  with  silanes 
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1  LISE,  2  RMN 


There  is  intense  interest  in  carbon  nanotubes  (CNT)  since  their  discovery  by  Ijima  in  1991 
[1],  CNT  posses  unique  structural  and  electronic  properties  [2]  which  promise  a  wide  range  of 
potentiel  use  in  many  applications  such  as  microelectronics,  hydrogen  storage  [3]  and 
composite  polymer  [4]. 

However  the  poor  solubility  of  these  CNTs  is  a  considerable  disadvantage  for  their  use.  To 
increase  their  solubility  and  enhance  the  strength  of  adhesion  of  them  with  polymer  matrix 
[5],  researchers  have  chemically  fonctionalized  the  nanotubes  wall  for  the  manufacture  of  the 
next  generation  of  composite  material.  Chemical  modification  as  coupling  of  amine  with 
carboxyl  moities  already  present  on  the  nanotube  wall  [6]  or  fluorination  under  R  gas  [7] 
were  studied  previously. 

The  objective  of  this  study  is  to  link  covalently  three  functionalized  trichlorosilanes  : 
CF3-(CF2)5-(CH2)2-SiC!3  (FTCS),  CN-(CH2),-SiCl3  ( CPTCS)  and  CH2=CH-(CH2)6-SiClj 
( 70TCS)  onto  multi-walled  carbon  nanotubes  (MWNTs). 

The  MWNTs  used  in  this  work  are  produced  by  the  catalytic  process  (CVD)  by  passing 
mixture  of  some  gases  (ethylene  and  nitrogen)  over  a  catalyst  bed  of  Al(OH)j,  Fe  and  Co 
(Figure  1).  The  chemical  treatment  of  raw  MWNTs  consists  first  of  an  oxidation  step  with  a 
H2S04/HNC>3  solution.  After  this  treatment,  amorphous  carbon  is  removed,  mostly  MWNTs 
are  isolated  and  their  surface  is  modified  by  a  higher  density  of  various  surface  functional 
group  (hydroxyl,  carbonyl  and  carboxyl).  To  reach  a  maximum  density  of  hydroxyl  moieties 
on  the  nanotubes  sidewall,  which  can  react  favourably  with  silane,  the  oxidised  MWNTs  are 
reduced  with  DIBAL-H  and  finally  reacted  with  toluene  solution  of  trichlorosilane(Figure  2). 

Indeed,  we  obtained  three  differents  functionalized  carbon  nanotubes  (Figure  3). 

At  each  step  of  their  modification,  nanotubes  were  characterised  with  X-ray  Photoelectron 
Spectroscopy,  Thermogravimetry,  Transmission  Electron  Microscopy  and  Fourier  Transform 
InfraRed  Spectroscopy. 
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Figure  2  :  XPS  survey  spectra  of  MWNTs  after  each  modification.  Figure  3  :  TEM  images  of  functionalised  MWNTs. 
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TIMESCALES  OF  NANOSTRUCTURING  TECHNIQUES:  IONIC 
CONDUCTION  IN  SILVER  SULPHIDE  FILMS  AND  LOCAL 
OXIDATION  OF  TITANIUM  FILMS 

J.A.  Vicarv.  L.  Picco,  A.D.L.  Humphris,  M.J.  Miles 

H.H.  Wills  Physics  Laboratory,  University  of  Bristol,  Tyndall  Avenue, 
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The  ability  to  pattern  surfaces  on  the  nanometre  scale  in  short  timescales  is  of  great 
importance  in  the  fabrication  of  nanostructures  and  nanoscale  devices.  Recent  work  has 
focused  on  two  nanostructuring  techniques,  and  the  application  of  these  on  millisecond 
timescales  and  beyond.  In  addition,  this  work  assesses  the  potential  of  these  processes  to  be 
used  on  a  high-speed  Resonant  Scanning  Microscope  (RSM),  a  new  member  of  the  SPM 
family  of  microscopes.  Short  write  timescales  would  open  up  the  possibility  of  their  use  for 
data  storage. 

The  patterning  of  a  silver  sulphide  substrate  with  silver  nanostructures  has  been  achieved. 
Silver  sulphide  is  a  solid  electrolyte,  the  chemical  properties  of  which  allow  the  conduction  of 
both  electrons  and  ions  through  the  material,  under  the  influence  of  an  electric  field.  Silver 
sulphide  films  were  prepared  from  silver  substrates  by  immersing  in  a  sodium  sulphide 
solution.  The  chemical  composition  of  these  samples  was  confirmed  with  x-ray  photoelectron 
spectroscopy  (XPS)  analysis. 

By  using  an  AFM  in  contact  mode,  a  bias  was  applied  between  a  platinum  coated  tip  and  the 
sample,  inducing  a  flow  of  silver  ions  through  the  silver  sulphide  layer  and  onto  the  surface. 
The  resulting  structures  were  then  imaged  with  an  AFM  in  intermittent  contact.  To  date, 
nanostructures  with  sizes  <  200nm  have  been  patterned  on  timescales  of  <  0.5s. 

Further  nanostructuring  has  been  achieved  using  the  local  oxidation  technique.  Investigations 
have  been  concerned  with  determining  the  critical  reaction  time  for  the  formation  of  titanium 
oxide  on  a  titanium  substrate.  Work  has  focused  on  the  fabrication  of  arrays  of  local 
oxidations.  Optimisation  of  the  write  speed  has  been  investigated  by  varying  the  tip-sample 
separation  and  voltage  pulse  strength  and  duration. 

Results  to  date  have  confirmed  oxidation  speeds  on  the  millisecond  timescale  with  structures 
~  50  nm  wide  and  10  nm  high  being  created  with  -12  V  pulses  of  10  ms  duration.  On-going 
work  focuses  on  the  microsecond  timescale. 
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CANTILEVER-BASED-SENSOR  WITH  ELECTROCHEMICAL  CURRENT 

DETECTION 
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The  aim  of  this  work  is  to  develop  cantilever-based  sensors  operating  in  liquid  for 
biochemical  applications.  The  sensing  principle  of  this  device  consists  on  detecting  the 
change  on  the  electrochemical  current  level  when  a  voltage  difference  is  applied  between 
a  deflecting  functionalised  cantilever,  acting  as  one  of  the  electrodes  and  a  reference 
fixed  electrode  placed  at  the  free  extreme  of  the  cantilever  (see  Fig.l).  To  be  able  to 
detect  the  change  on  the  electrochemical  current,  the  distance  between  both  electrodes 
has  to  be  smaller  than  100  nm  [1],  To  achieve  these  dimensions  microfabricated 
structures  connect  the  two  electrodes  and  using  nanolithography  techniques  the  electrodes 
separation  is  defined.  The  sensing  principle  is  that  due  to  reactions  on  the  functionalised 
surface,  the  cantilever  deflects,  producing  a  change  on  the  distance  between  the 
electrodes  (Fig  2).  This  change  provokes  a  variation  of  the  electrochemical  current 
detected,  because  the  electrochemical  current  is  extremely  sensitive  to  the  distance 
between  electrodes. 

The  design  and  fabrication  of  the  sensor  has  been  done  combining  standard 
microfabrication  processes  with  AFM  lithography  [2]  using  SOI  substrates.  Using  normal 
bulk  micromachining  techniques  a  window  is  open  from  the  backside  to  allow  the  liquid 
to  contact  the  sensor  (fig.  3).  The  separation  between  the  two  electrodes  has  been  defined 
with  the  AFM  probe  on  an  A1  mask.  The  AEO3  is  removed  and  by  accurate  dry  etching 
the  two  electrodes  are  separated.  In  the  first  prototype,  separation  between  the  1  pm  thick 
Si  electrodes,  of  50  nm  has  been  achieved  (Fig.  4).  These  results  will  allow  to  detect 
variations  on  the  electrochemical  current  level  due  to  the  cantilever  deflection. 
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Window  for  liquid  Electrochemical  current 


Electrodes  Pads 

Fig  1.  Top  view  of  the  sensor  structure.  The  small  fingers  at  the  end  of  the  cantilever  will  constitute  the  two 
electrodes  for  the  electrochemical  current  detection  (separation  between  them  less  than  100  nm) 


A)  Cantilever  in  rest  B)  Cantilever  deflected 

Fig  2.  Schematic  illustration  of  the  sensor  (cantilever  with  two  fingers). 


Fig  3.  Back  side  view  of  the  sensor  window  to  allow  liquid  operation. 


Fig  4.  A)  SEM  image  of  the  end  of  the  cantilever  structure  shown  in  figure  3;  in  circles  the  separation  lines 
for  defining  the  electrodes.  B)  One  of  the  separation  lines  in  detail.  The  separation  has  been  defined  by 
AFM  lithography.  The  width  is  less  than  50  nm. 
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DYNAMIC  BEHAVIOR  OF  A  SINGLE  MOLECULE  INSERTED  IN  A 
SELF- ASSEMBLED  MONOLAYER  MATRIX  AT  LOW 
TEMPERATURE 

S.  Wakamatsu,  S.  Fujii,  U.  Akiba,  and  M.  Fujihira* 
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The  electrical  properties  of  single  phenylene  oligomers,  HSCH2(C6H4)m_iC6H5  (m  =  1,  2,  3), 
were  studied  in  terms  of  the  dependence  of  the  tunneling  current  on  the  length  of  the 
oligomers  using  self-assembling  techniques  and  scanning  tunneling  microscopy  (STM)  [1].  It 
is  important  to  isolate  single  molecules  in  an  insulating  matrix  for  the  measurement  of  the 
conductivity  of  the  single  molecule.  Bicyclo[2.2.2]octane  derivative  (BCO)  was  used  for  a 
SAM  matrix  [2],  in  which  the  single  molecules  were  inserted  at  molecular  lattice  defects.  The 
isolated  single  molecules  of  phenylene  oligomers  inserted  in  the  SAM  matrix  were  observed 
as  protrusions  in  STM  topography  using  a  constant  current  mode  with  a  W  tip.  We  estimated 
the  dependence  of  the  tunneling  current  on  the  molecular  length  of  phenylene  oligomers,  i.e. 
the  decay  constant  p.  This  was  accomplished  by  measuring  the  heights  of  protrusions  of 
individual  phenylene  oligomers  in  STM  images  and  by  analyzing  the  heights  using  the  bilayer 
tunnel  junction  model.  The  reasonable  value  of  p=  5.3  nm'1  for  the  single  phenylene 
oligomers  at  the  sample  bias  voltage  of  +1.0  V  was  obtained  from  the  STM  measurement  of 
the  molecular  protrusion  (Fig.  1). 

In  this  STM  measurement,  we  observed  motion  of  the  single  molecules  inserted  in  the  BCO 
SAM  matrix  at  room  temperature  [3].  It  was  revealed  that  the  isolated  single  molecules 
exhibited  two  types  of  motions.  One  was  the  change  in  tilt  of  the  molecular  axis  at  a  fixed 
position  (Fig.  2),  and  the  other  was  lateral  motion  in  the  SAM  matrix  (Fig.3).  These  motions 
of  the  single  molecules  at  room  temperature  were  most  likely  caused  by  large  and  mobile 
vacancies  of  single  molecular  defects  in  the  SAM  matrix.  However,  it  is  difficult  to  mention 
what  is  a  crucial  factor  for  these  motions  of  the  inserted  single  molecules  and  the  BCO  matrix 
molecules.  Thermal  energy,  electric  field  between  the  tip  and  the  substrate,  and  the  van  der 
Waals  interaction  between  the  tip  apex  and  the  molecule  can  be  candidates  as  the  crucial 
factor. 

In  this  study,  we  tried  to  observe  the  dynamic  behavior  of  the  single  molecule  in  the  BCO 
SAM  matrix  at  low  temperature.  We  investigate  the  effect  of  the  thermal  energy  on  the 
motions  of  the  single  molecules  in  the  BCO  SAM  matrix. 
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Fig.  I.  The  dependence  of  the  tunneling 
current  on  the  length  of  the  oligomers  at  the 
same  constant  sample  bias  voltage  of  +1.0  V 
through  W  tip/vacuum/oligophenylene  SAM- 
Au(l  1  l)junction. 


(a)  BMT 


5  nm  5  nm 


Fig.  2.  Time-lapse  STM  images  of  (a) 
benzenemethanethiol  (BMT)  and  (b)  4- 
biphenylmethanethiol  (BPMT)  inserted  in  the 
BCO  SAM  matrix.  Each  image  was  recorded 
under  a  constant  condition  with  a  sample  bias 
of  +  1.0  V  and  a  tunneling  current  of  30  pA  at 
room  temperature,  (a)  15  *  15  nm2  STM 
successive  images  of  the  SAM  containing  an 
isolated  BMT  molecule.  The  isolated  BMT 


(b)  BPMT 


molecule  indicated  by  an  arrow  suddenly 
disappeared,  (b)  A  series  of  40  x  40  nm2  STM 
i  images  of  the  SAM  containing  isolated  BPMT 
«  molecules.  Some  isolated  BPMT  molecules 
I  switched  on  and  off  at  the  positions 
|  highlighted  by  circles.  This  type  of  motion  is 
;  due  to  the  tilt  of  the  inserted  molecule. 


(a)  BMT 


5  nm  5  nm  5  nm 


(b)  BPMT 


5  nm  5  nm  5  nm 


Fig.  3.  Series  of  time-lapse  STM  images 
(10  X  10  nm2)  of  (a)  BMT  and  (b)  BPMT. 
Each  image  was  recorded  under  a  constant 
condition  with  a  sample  bias  of  +1.0  V  and  a 
tunneling  current  of  30  pA  at  room 
temperature.  Some  isolated  molecules  move  in 
the  directions  indicated  by  arrows  in  the  BCO 
SAM  matrix. 


270  TNT2003 


September  15-19,  2003 


Salamanca-Spain 


Poster 


BIMETALLIC  RUTHENIUM  COMPLEXES  AS  ACTIVE 
ELECTROCHEMILUMINESCENT  SALT  IN  LED’s 
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Netherland 


We  have  used  di-nuclear  ruthenium  (II)  complexes  in  polymer  light  emitting  diodes  to 
generate  light  emission  from  triplet  state  emitting  compounds  to  improve  the  quantum 
yields  and  lifetimes  of  the  devices.  Upon  doping  the  polymer  we  obtained  red 
emission  from  the  ruthenium  complex  at  forward  bias  and  green  emission  from  the 
polymer  at  reverse  bias.  This  represents  the  first  elecroluminescent  device  with  fully- 
reversible,  voltage-dependent,  switching  between  two  emissive  colours[l]. 

The  polyphenylene  bridging  ligand  connecting  both  ruthenium  metal  centres  is  crucial 
for  the  mechanism  of  the  device,  as  it  helps  to  redistribute  the  charge  of  the  reduced 
complex  by  formation  of  a  stable  bipolaron  and  consequently  acts  as  an  electron 
transfer  mediator.  Spectro-electrochemistry  and  transient  absorption  spectroscopy 
indicate  the  delocalisation  of  the  negative  charge  on  the  bridging  ligand.  The 
mechanism  for  light  generation  at  both  biases  will  be  shown. 

The  morphology  of  the  emissive  layer  was  investigated  by  Secondary  Ion  Mass 
Spectroscopy  and  Atomic  Force  Microscopy.  SIMS  and  AFM  measurements  show 
that  the  distribution  of  the  ruthenium  complex  in  the  polymer  layer  is  homogenous 
and  no  phase  separation  is  observed  (Fig.l). 


1.  Welter,  S.,  et  al.,  Electroluminescent  Device  with  Reversible  Switching  between  Red 
and  Green  Emission.  Nature  (2003)  421,  54  -  57. 


Figure  1.  AFM  measurements  of  polymer  LED  doped  with  bi-metallic  ruthenium  complex. 
Measurements  were  done  with  a  non-covered  silicon  tip  in  tapping  mode,  a:  height  image,  b: 
phase  image. 


TNT2003 


September  15-19,  2003 


Salamanca-Spain  271 


Poster 


TNT2003 


September  15-19,  2003 


Salamanca-Spain 


Poster 


CONSTRUCTIVE  NANOLITHOGRAPHY  AND  NANOCHEMISTRY: 
LOCAL  PROBE  OXIDATION  AND  CHEMICAL  MODIFICATION 
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'Laboratory  of  Macromolecular  Chemistry  and  Nanoscience,  Center  for 
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In  the  current  field  of  available  techniques  that  are  used  in  the  production  of  sub¬ 
micrometer  sized  devices,  UV  and  UV  mask  lithography  are  the  most  widely  used  and 
studied  techniques.  However  these  techniques  are  limited  by  the  minimal  obtainable 
size  of  the  structures  that  can  be  reached.  Research  into  new  techniques  is 
concentrated  around  electron  beam  lithography  and  scanning  probe-based  techniques 
as  dip-pen  lithography  and  scanning  probe  oxidation.  The  latter  one  has  two  main 
advantages.  First  it  is  capable  of  producing  well-defined  nanopatterned  substrates  with 
relative  ease  on  a  number  of  different  substrates.  Secondly  it  also  introduces  local 
groups  with  chemical  reactivity  that  allow  for  local  substrate  reactions  and 
modifications.  Because  a  broad  variety  of  modification  reactions  and  compounds  are 
available,  structures  created  in  this  fashion  can  be  employed  not  only  in  semi¬ 
conductor  applications  but  also  in  sensor  and  smart  coating  devices.  In  this 
contribution  the  technique  of  local  probe  oxidation  and  subsequent  chemical 
modification  and  fabrication  of  nanometer-sized  structures  on  octadecyltrichlorosilane 
(OTS)  passivated  silicon  wafers  is  presented.  By  applying  a  bias  voltage  on  a 
conductive  AFM-tip  the  OTS  layer  on  the  surface  can  be  oxidized  very  locally  [1,2]. 
The  oxidation  changes  the  local  properties  of  the  surface,  thus  opening  routes  to 
controlled  surface  modification  via  both  absorption  as  well  as  chemical  modification 
routes. 


Fig.  1  TM-Height  image  (1.1  x  1.1  pm,  z- 
range  1 8  nm)  of  cationic  gold  nanoparticles 
adsorbed  to  an  oxidized  structure. 


Presented  here  are  results  of  the  (sequential)  functionalization  of  surfaces  with 
(cationic)  gold  nanoparticles,  quaternary  ammonium  salts  and  the  covalent  attachment 
of  functional  silanes  with  for  example  polymerizable  side  groups.  Subsequently  these 
“functional”  structures  were  exposed  to  polymerization  reactions  or  thiol  bearing 
proteins  creating  complex  function  nano-structured  ‘devices’. 
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Sub-nm  resolution  scanning  tunneling  spectroscopy  magnetic 
imaging  of  Fe/Mn/Fe(001)  multilayer  film 
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The  development  of  ultra-thin  magnetic  multilayer  films  has  lead  to  considerable  practical 
applications  such  as  spin  electronic  devices.  Although  the  intermixing  (or  interface  roughness) 
were  suggested  to  occur  at  the  interface  in  the  multilayer  films,  the  magnetic  structure  at  the 
interface  layers  and  how  the  magnetic  structure  relates  to  the  geometric  and  intermixing  is  not 
clear.  In  the  present  study  we  demonstrate  the  direct  observation  of  the  magnetic  structure  at 
the  first  layers  of  the  magnetic  multilayer  film  by  spin-polarized  scanning  tunneling  spectroscopy 
(SP-STS),  which  can  be  used  to  image  magnetic  domain  structures  down  to  the  sub-nm  scale. 
Using  Fe-coated  W  tips,  we  found  antiferromagnetic  coupling  of  ferromagnetic  body-centred 
tetragonal  (bet)  (001)  Mn  layers  on  Fe(001)  [1].  Since  we  can  control  the  Mn  layers  very  well, 
this  is  a  good  sample  to  study  the  magnetism.  We  studied  Fe/Mn/Fe(001)  multilayer  film.  By 
studying  the  growth,  intermixing,  electronic  structure,  and  magnetic  structure  of  the  Fe  films 
on  Mn(001),  we  found  that  the  Fe  film  thicker  than  fourth  layers  have  the  same  properties  as 
body-centred  cubic  Fe(001).  However,  for  first-fourth  Fe  layers  intermixing  with  Mn  takes  place 
and  the  film  presents  different  magnetic  properties,  i.e.,  the  in-plane  magnetization  of  each  Fe 
layer  couples  non-collinearly  [Fig.  1], 

[1]  T.K.  Yamada  et  al.,  Phys.  Rev.  Lett.  90  (2003)  056803. 


Fig.l  Magnetic  structures  obtained  on  the  surface  of  1.5  ML  of  Fe.  (a)  and  (b)  were  obtained  by 
an  Fe-coated  W  tip.  A  topographic  image  (a)  and  dl/dV  maps  at  +0.2  V  (b),(c)  were  obtained  with 
the  lock-in  amplifier  technique.  The  set  point  was  Vs  =  +0.2  V,  I  =  0.2  nA.  The  size  is  100x85  nm2. 
Numbers  in  (a)  denote  the  stacking  number  of  the  Fe  layers.  After  measuring  (b),  the  tip  was  changed  by 
applying  a  voltage  pulse  at  different  place  and  (c)  was  obtained  [T.K.  Yamada  et  al.,  Appl.  Phys.  Lett. 
82  (2003)  1437].  These  observation  can  be  explaned  by  non-colinear  coupling  between  magnetizations  of 
the  Fe  layers. 
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LUMINESCENT  PROPERTIES  OF  ZnS-PASSIVATED  CdS:Mn 
CORE/SHELL  QUANTUM  DOTS:  PHOTO-  AND  ELECTRO¬ 
LUMINESCENCE 

Heesun  Yang*  and  Paul  H.  Holloway 
Department  of  Materials  Science  and  Engineering,  University  of  Florida, 
Gainesville,  FL  3261 1-6400  USA 
E-mail:  hvang@ufl.edu.  Tel.:  352-846-3325,  Fax:  352-392-491 1 

Semiconductor  quantum  dots  (nanocrystals)  doped  with  impurity  as  a  luminescent 
material  are  the  subject  of  intensive  investigation.  The  engineering  of  the  band  gap  by 
control  of  the  crystal  size  can  result  in  tunable  band-edge  emission.  By  doping  the 
nanocrystals  with  luminescent  activators,  the  excitation  can  be  tuned  by  quantum  size 
effects  while  the  emission  energy  is  largely  unchanged.  In  either  case,  nanocrystals  have 
a  high  surface -to-volume  ratio  and  surface  states  act  as  centers  for  luminescent 
quenching  and  photobleaching.[l,2]  To  reduce  these  detrimental  effects  of  surface  states 
on  luminescent  properties,  more  effective  surface  passivation  is  imperatively  desired 
which  will  lead  to  efficient  and  photostable  luminescence. 

Yellow-emitting  CdS:Mn/ZnS  core/shell  quantum  dots  (ZnS-passivated  CdS  doped 
with  Mn  luminescent  centers)  were  developed  via  reverse  micelle  chemistry. 
Synthesized  CdS:Mn/ZnS  core/shell  quantum  dots  were  measured  to  have  a  core 
diameter  of  2.3  nm  and  a  shell  thickness  of  0.4  nm  (which  corresponds  to  1.5 
monolayers  of  ZnS).  Photoluminescence  (PL)  emission  spectra  of  organically  («- 
dodecanethiol)  and  inorganically  (ZnS)  passivated  CdS:Mn  quantum  dots  are  compared 
in  Fig.  1  (a)  and  (b),  respectively.  While  «-dodecanethiol-passivated  CdS:Mn 
nanocrystals  show  a  distinct  surface  defect-related  peak  at  ~  450  nm,  as  well  as  a  broad 
Mn2+-related  4Ti-6A]  transition  peak  at  ~  600  nm,  ZnS-passivated  CdS:Mn  core/shell 
nanocrystals  exhibit  much  sharper  Mn2+ emission  which  is  not  related  to  surface  defects. 
This  is  presumably  the  result  of  effective  passivation  of  CdS  surface  states  by  the  ZnS 
shell  and  consequent  suppression  of  nonradiative/radiative  recombination  transitions  at 
the  surface.  We  also  have  measured  a  high  PL  quantum  yield  of  18  -  28  %  from 
CdS:Mn/ZnS  quantum  dots.  The  dependence  of  PL  emission  intensity  upon  the  amount 
of  UV  irradiation  has  been  observed  for  both  organically  and  inorganically  passivated 
CdS:Mn  nanocrystals,  and  is  shown  in  Fig.  2.  In  contrast  to  a  significant  reduction  of 
emission  intensity  with  increasing  time  (increasing  fluence)  for  o-dodecanethiol 
passivated  CdS:Mn  nanocrystals,  CdS:Mn/ZnS  core/shell  nanocrystals  exhibit  a  slightly 
increased  intensity  and  subsequent  stable  intensity  (good  photostability)  with  increasing 
UV  irradiation  time.  The  initial  increase  in  emission  intensity  is  attributed  to  an 
irreversible  UV-stimulated  photooxidation  by  oxygen  in  the  air  of  the  ZnS  shell 
surface.  [3] 

Direct  current  (dc)  electroluminescent  (EL)  devices  were  fabricated  using  a  hybrid 
organic/inorganic  multilayer  structure  of  ITO//PEDOT-PSS//(poly(N-vinylcarbazole) 
(PVK)//CdS:Mn/ZnS  nanocrystal//Al.  The  poly(3,4-ethylenedioxythiophene)/poly 
(styrenesulfonate)  (PEDOT-PSS)  layer  was  used  for  enhanced  hole  injection  from  the 
indium  tin  oxide  (ITO)  transparent  conducting  electrode.  EL  spectra  as  a  function  of 
applied  voltages  are  shown  in  Fig.  3.  Only  yellow  emission  from  the  CdS:Mn/ZnS 
nanocrystal  layer  was  observed,  with  no  emission  from  the  PVK  conjugated  polymer. 
EL  emission  exclusively  from  the  nanocrystal  layer  of  this  multilayer  structure  was 
concluded  to  result  from  radiative  electron-hole  recombination  occurring  predominantly 
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in  that  layer.  This  selective  confinement  of  charge  carriers  into  the  nanocrystal  layer 
was  explained  by  the  lower  energy  barrier  for  hole  injection  from  the  PVK  into  the 
nanocrystals,  versus  a  relatively  large  barrier  for  electron  injection  from  the  quantum- 
shifted  CdS:Mn/ZnS  nanocrystals  into  the  PVK. 
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Fig.  1 .  PL  emission  spectra  of  (a)  /i-dodecanethiol-  and  (b)  ZnS-passivated  CdS:Mn  nanocrystals. 
The  325  nm  HeCd  laser  source  was  used  for  the  excitation. 
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Fig.  2.  Dependence  of  PL  emission  intensity 
of  H-dodecanethiol-  and  ZnS-passivated 
CdS:Mn  nanocrystals  on  UV  irradiation 

timp 


Fig.  3.  EL  spectra  from  an  ITO//PEDOT-PSS// 
PVK//CdS:Mn/ZnS//Al  hybrid  device 
as  a  function  of  applied  voltages. 
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SINGLE-WALL  NANOTUBES  GROWN  BY  CHEMICAL 
VAPOUR  DEPOSITION  USING  ACETYLENE 

M.  H.  Yang+.  A.  S.  Teh,  R.  G.  Lacerda,  K.  B.  K.  Teo,  N.  L.  Rupesinghe,  M. 
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Chemical  vapour  deposition  (CVD)  has  been  considered  one  of  the  most  promising 
techniques  for  the  production  of  both  single-wall  (SWCNT)  and  multi-wall 
(MWCNT)  carbon  nanotubes.  For  the  full  exploitation  of  the  unique  properties  of 
SWCNTs,  much  work  is  still  needed  to  reliably  integrate  them  with  electronic 
devices.  Most  of  the  SWCNT  growth  in  the  literature  are  based  on  using  methane  as 
the  source  of  carbon,  and  a  gaseous  or  liquid  phase  metal  solution  as  the  catalyst.  In 
this  present  work,  we  report  the  preparation  of  SWCNTs  by  CVD  using  acetylene  and 
a  triple  layer  of  solid  catalyst  [A1  (10  nm),  Fe  (0.5-1. 5  nm)  and  Mo  (0-1.5  nm)] 
similar  to  that  used  by  Delzeit  et  al.  [1]. 

The  Fe  catalyst  acts  as  the  main  precursor  for  the  nanotube  growth.  However,  the 
nucleation  of  the  tubes  would  not  be  possible  without  an  Al  layer.  The  role  of  Mo 
(0.3-1  nm)  is  to  enhance  the  yield  of  SWCNTs.  In  our  growth  technique,  MWNTs 
were  found  to  grow  at  temperatures  of  750-900  °C.  By  increasing  the  temperature  to 
1000°C  we  were  able  to  produce  SWCNTs.  The  SWCNTs  were  grown  using  only 
acetylene  with  flow  rates  between  50-500  seem  upon  the  solid  catalyst.  The  presence 
of  SWCNTs  was  verified  by  TEM.  The  TEM  images  shows  that  most  of  the 
SWCNTs  were  found  to  be  isolated  and  not  in  bundles,  which  is  commonly 
encountered  (Fig.l).  The  evidence  for  this  was  further  strengthened  by  the  appearance 
of  radial  breathing  modes  (~  1 80  cm  ')  using  Raman  spectroscopy  (not  shown).  Using 
the  peak  position,  we  estimated  the  average  nanotube  diameter  to  be  around  1.3nm. 

By  using  a  solid  catalyst,  the  controlled  and  precise  patterning  of  the  catalyst  is 
possible  via  electron  beam  lithography.  This  technique  was  used  to  achieve  the 
growth  of  SWCNTs  between  contacts  or  patterns  (Fig.  2).  Interestingly,  the  SWCNTs 
appear  to  self-assemble  between  metal  contacts.  This  characteristic  could  prove  vital 
for  the  integration  of  SWCNT  into  electronic  devices.  Electronic  measurements  show 
that  the  resistivity  of  the  tubes  are  between  0.03-0.6  Mega-Ohms.  This  interesting 
method  of  controlling  the  nanotube  growth  and  position  enables  the  fabrication  of 
complicated  structures  for  SWNT  nano-electronic  applications  in  the  future. 


[1]  Delzeit  et  al.,  Chemical  Physics  Letters  348,  368  (2001). 
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Figure  1  -  Transmission  Electron  microscopy  of 
single-wall  carbon  nanotubes  grown  by  CVD 
using  C2H2  at  1000  °C. 


Figure  2  -  SWCNT  between  two  metallic  contacs. 
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SUBMOLECULAR  INVESTIGATION  OF  THE  TWO-DIMENSIONAL 
ORGANIZATION  AND  PHOTOCHEMICAL  REACTIVITY  OF  p- 
SUBSTITUTED  AND  a-FUNCTIONALIZED  OLIGOTHIOPHENES  AT  THE 

LIQUID-SOLID  INTERFACE 

Mohamed  M,  S.  Abdel-Mottaleb,  Elena  Mena-Osteritz,  Peter  Bauerle.* 

Abteilung  Organische  Chemie  II  der  Universitat  Ulm.  Albert-Einstein-Allee  1 1,  89081  Ulm, 
Germany.  Fax:  +49-731-50-22840,  E-mail:  mohamed.abdel-mottaleb@chemie.uni-ulm.de 

Oligothiophenesfl]  have  been  intensively  studied  as  promising  materials  for  electronic 
devices.  The  combination  of  excellent  electronic  properties,  stability  under  ambient 
conditions,  and  good  transport  properties  have  allowed  their  application  ,  for  example,  in 
organic  light  emitting  diodes  and  thin-film  transistors. [2]  We  have  previously  reported  on  the 
organization  of  3,3’”-dialkylated  quaterthiophene  derivatives  at  the  liquid-solid  interface. [3] 
The  molecules  were  found  to  organize  in  a  densely  well  ordered  monolayer,  in  which  the 
packing  pattern  of  the  molecules  was  dependent  on  the  length  of  the  alkyl  chains. 

In  this  contribution  we  investigate  the  effect  of  functionalization  of  the  oligothiophene 
backbone.  In  this  context,  the  packing  pattern  of  a  non-iodinated  didodecyl  quaterthiophene  1 
at  the  liquid-solid  interface  is  compared  to  those  of  the  mono-,  and  diiodo  analogous 
molecules  2  and  3,  respectively  (Fig.l).  The  presence  of  the  iodine  atoms  was  found  to 
significantly  alter  the  packing  pattern  of  the  molecules  (Fig.2).  Furthermore,  preliminary 
results  indicate  the  occurrence  of  photochemical  dimerization  of  2  at  the  liquid-solid  interface 
upon  irradiation  with  UV  light. 
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Figures: 


Figure  1  Chemical  Structures  of  oligothiophene  derivatives  investigated 


Figure  2  a,  b,  and  c  STM  images  of  the  monolayers  of  1,  2,  and  3  derivatives,  respectively. 
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LANGMUIR  AND  LANGMUIR  BLODGETT  FILMS  OF  STRONGLY 
NON-LINEAR-OPTICALLY  (NLO)  ACTIVE  AMPHIPHILIC 

MOLECULES 

S.  Acharvat.  P.  Krieft,  R.  Ginzburgf,  V.  Khodorkovsky1,  J.  T.  Klug*  and  S.  Efrima*t,# 
f  Department  of  Chemistry,  *The  Institutes  of  Applied  Sciences,  #The  Use  Katz  Center  for 
Meso  and  Nanoscale  Science  and  Technology,  Ben-Gurion  University,  Beer-Sheva,  84105, 

Israel 

E-mail:  acharva@bgumail.bgu.ac.il 

The  Langmuir  Blodgett  (LB)  technique  is  an  important  method  for  the  fabrication  of  films 
with  nanometric  thickness.  It  is  suitable  for  photonic  applications  based  on  second  harmonic 
generation  which  require  the  assembly  of  chromophores  in  a  non-centrosymmetric 
arrangement  in  miniaturized  nanoscale  systems.  We  present  a  study  of  the  Langmuir  and  LB 
films  of  2-(4-[Hexadecyl  (methyl)  amino]  phenylmethylene)-l,3-dioxo-5,6- 
indanedicarboxylic  acid  [1]  and  related  molecules.  These  molecules  are  designed  by  us  and 
tested  to  have  specially  intense  NLO  activity. 

Our  work  involves  the  measurement  of  rc/A  isotherms  of  the  corresponding  Langmuir  films 
at  various  temperatures,  and  the  spectroscopic,  atomic  force  microscopy  and  contact  angle 
characterization  of  the  LB  films. 

Figure  1  shows  the  n-A  isotherms  of  1  at  different  temperatures.  The  isotherms  at  higher 
temperatures  (32  and  28°C)  show  a  low  pressure  2D  liquid-expanded  phase  followed  by  a 
liquid-condensed  or  solid  region,  which  collapses  slightly  below  50  mN/m.  At  lower 
temperatures  the  liquid-expanded  region  gradually  disappears  and  only  the  liquid-condensed 
or  solid  phases  are  evident  before  collapse  above  50  mN/m.  The  increase  of  the  collapse 
pressure  might  be  due  to  a  more  ordered  arrangement  of  the  hydrocarbon  chains  at  lower 
temperatures. 

We  deposited  Z-type  LB  films  of  1  (deposition  only  in  the  up-stroke)  at  two  extreme 
temperatures  (32  and  1 1°C  )  from  water  at  pH  5.5.  The  films  are  hydrophobic  (contact  angle 
67°).  The  UV-vis  absorption  spectra  of  these  films  shown  in  figure  2  indicate  a  uniform 
transfer  of  the  molecules  with  a  transfer  ratio  close  to  unity,  which  depends  somewhat  on  the 
deposition  conditions.  The  linear  dependence  of  the  optical  density  of  the  absorption 
maximum  versus  the  number  of  layers  is  observed  for  all  cases  (inset  of  figure  2)  and 
suggests  a  regular  transfer  of  the  films.  The  absorption  spectra  deposited  at  1 1°C  (maximum 
at  ~  482  nm)  are  slightly  blue  shifted  compared  to  that  deposited  at  32°C  (maximum  at  ~  491 
nm,  figure  not  shown)  suggesting  a  tighter  association  of  the  molecules  at  low  temperature, 
as  seen  in  the  isotherms  themselves. 

The  analysis  of  polarized  absorption  spectra  of  the  LB  films  at  different  incident  angles  of 
the  light  with  respect  to  the  film  (a  =  30°,  45°,  and  60°)  reveals  that  the  average  orientation 
of  the  major  axis  of  the  chromophore  with  respect  to  the  glass  substrate  is  52-56°, 
irrespective  of  the  surface  pressure. 

The  AFM  image  of  a  3 -layer  LB  film  of  1  deposited  at  a  surface  pressure  40  mN/m  at  1 1°C 
is  shown  in  Figure  3.  The  molecules  are  closely  packed,  forming  aggregates.  The  depth 
profile  of  the  image  (Figure  4),  indicates  an  average  thickness  of  each  monolayer  to  be  ~  3-4 
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nm,  in  corresopndence  to  the  tilt  found  for  the  chromophore  and  an  upright  alkyl  chain 
orientation.  It  also  shows  that  the  amphiphile  aggregates  are  two-dimensional,  molecularly 
thick  perpendicular  to  the  surface. 

Interestingly,  a  similar  study  of  a  closely  related  molecule,  which  differs  from  I  by  only  one 
additional  double  bond  in  the  bridge  between  the  two  conjugated  sub-systems,  deposits  as 
LB  films  in  both  the  down-  and  up-strokes  (with  a  hydrophilic  slide).  Recall  that  1  deposited 
only  in  the  up-strokes.  Yet  the  films  are  invariably  hydrophobic  (contact  angle  of  61°).  Thus 
also  here  Z-type  films  probably  form,  but  via  rearrangments  of  the  films  during  or 
immediately  after  deposition.  We  also  report  results  for  the  SHG  measured  from  these  films. 
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Figures: 


Figure  1  -  Pressure  area  isotherm  at  different 
temperature.  The  inset  shows  the  molecular 
structure  of  1. 


Figure  3  -  AFM  image  of  3  layers  of  1 
transferred  onto  a  glass  plate  at  a  surface 
pressure  40  mN/m.  Scan  length  10  pm. 


Wavelength  (nm) 

Figure  2  -  UV-vis  absorption  spectra  of  LB  films 
of  I  for  different  number  of  deposited  layers.  The 
inset  shows  absorbance  versus  number  of  LB 
layers. 
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Figure  4  -  AFM  section  analysis  of  3  layers  of  LB 
films  of  1  at  pressure  40  mN/m,  and  temperature 
11°C. 
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SELF-ASSEMBLY  OF  THIOLATES  WITH  ALICYCLIC  MOIETIES  ON 

AU(lll) 
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Department  of  Biomolecular  Engineering,  Tokyo  Institute  of  Technology 
4259  Nagatsuta  Midori-ku,  Yokohama,  226-8501,  Japan. 

E-mail:  mfuiihir@bio.titech.ac.jp 

Self-assembled  monolayers  (SAMs)  of  thiolates  with  bulky  cage  hydrocarbons  have  been 
formed  on  Au(lll)  and  characterized  using  scanning  tunnelling  microscopy  (STM)  [1,2]. 
Among  SAMs  with  thiolates  on  Au(lll),  the  most  popular  ones  are  SAMs  with  linear 
hydrocarbon  (n-alkane)  thiolates.  Their  structure,  energetics,  and  growth  kinetics  have  been 
extensively  studied  [3]. 

In  this  study,  SAMs  of  thiolates  with  a  cyclo-  or  a  bicylo-alkane  moiety  (c  and  d  in  Fig.  1) 
were  formed  on  Au(l  1 1).  Their  SAM  structures  were  characterised  using  STM  and  compared 
with  those  of  linear  alkane  thiolates  (a  and  b  in  Fig.  1).  In  addition,  we  tried  to  investigate 
their  electrical  properties  in  terms  of  dependence  of  tunnelling  currents  on  the  number  of  the 
alkane  chains  in  the  alicyclic  moieties.  For  this  purpose,  we  prepared  mixed  SAMs,  in  which 
two  of  three  kinds  of  thiolates  were  molecularly  mixed.  By  comparing  STM  height 
differences  between  the  two  thiolates  in  the  mixed  SAMs  under  a  constant-current  mode,  we 
attempted  to  distinguish  their  electrical  properties. 
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INTERACTION  OF  MOLECULAR  AND  ATOMIC  HYDROGEN 
WITH  CARBON  NANOTUBES 
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Density  Functional  calculations  have  been  performed  to  study  the  interaction  of 
molecular  and  atomic  hydrogen  with  (5,5)  and  (6,6)  single  wall  carbon  nanotubes  and 
graphene.  Static  calculations  allowing  for  different  degrees  of  structural  relaxation  have 
been  performed,  in  addition  to  dynamical  simulations.  Molecular  physisorption  inside 
and  outside  the  nanotube  walls  is  predicted  to  be  the  most  stable  state  of  those  systems 
when  the  local  density  approximation  (LDA)  is  used  to  describe  the  exchange  and 
correlation  effects  between  the  electrons.  The  predicted  binding  energies  for 
physisorption  of  the  FL  molecule  outside  the  nanutobes  are  in  the  range  0.04-0.07  eV. 
This  means  that  uptake  and  release  of  molecular  hydrogen  from  nanotubes  is  a 
relatively  easy  process,  as  many  experiments  have  proved.  A  chemisorption  state,  with 
the  hydrogen  molecule  dissociated  and  the  two  hydrogen  atoms  bonded  to  neighbor 
carbon  atoms,  has  also  been  found.  However,  reaching  this  dissociative  chemisorption 
state  for  an  incoming  hydrogen  molecule,  or  starting  from  the  physisorbed  molecule,  is 
difficult  because  of  the  existence  of  a  substantial  activation  barrier.  The  dissociative 
chemisorption  deforms  the  nanotube  and  weakens  the  C-C  bond.  This  effect  can 
catalyze  the  shattering  and  scission  of  the  tube  by  incoming  hydrogen  molecules  with 
sufficient  kinetic  energy. 
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SHAPE  STABILITY  ON  SELF-ASSEMBLED  InAs 
NANOSTRUCTURES:  KINETIC  AND  THERMODYNAMIC 

ANALYSIS 

H.R.  Gutierrez1,  R.  Magalhaes-Paniago2,3,  J.R.R.Bortoleto1  and  M.A.Cotta1. 

1  UNICAMP,  IFGW,  DFA/LPD  -  CP  6165,  13081-790  Campinas,  SP,  Brazil. 

2  LNLS,  13084-971,  Campinas,.  SP,  Brazil 
3  Univ. Fed. Minas  Gerais.,  ICEx,  DF,  30123-970,  Belo  Horizonte,  MG,  Brazil 
E-mail:  monica@ifi.unicamp.br 

InAs  nanostructures  in  an  InP  matrix  have  received  much  attention  in  the  last  years. 
Recently,  we  have  reported  the  conditions  that  determine  the  InAs  shape  transition  - 
from  wires  to  dots  -  for  films  grown  on  (100)  InP  substrates  by  Chemical  Beam 
Epitaxy.  We  have  obtained  intermediary  states  containing  both  wires  and  dots  in  the 
same  sample.  However,  the  grown  of  such  self-assembled  nanostructures  requires  a 
complete  understanding  and  control  of  the  formation  mechanisms.  In  this  sense  we  have 
obtained  a  complete  picture  of  the  InAs  nanostructures  formation.  InAs  growth 
evolution  was  monitored  by  Reflection  High  Energy  Electron  Diffraction  (RHEED). 
The  samples  were  analyzed  by  Atomic  Force  Microscopy  (AFM)  and  High  Resolution 
Transmission  Electron  Microscopy  (HRTEM).  The  influence  of  the  temperature,  growth 
rate  and  the  InAs  thickness  on  the  wires  formation  was  studied.  Our  results  suggest  that 
the  wires  are  a  metastable  shape  originated  by  the  anisotropic  diffusion  on  the  InP 
buffer  layer  during  the  formation  of  the  first  InAs  monolayer.  This  kinetically  controlled 
process  occurs  in  a  well-defined  range  of  growth  conditions,  which  determine  the 
distribution,  homogeneity  and  shape  of  the  resulting  nanostructures.  However,  another 
significant  factor  to  determine  the  shape,  size  and  facet  formation  in  these  nanocrystals 
is  strain  distribution.  The  characterization  of  this  parameter  can  be  performed  using 
grazing  incidence  x-ray  scattering,  an  accurate  method  sensitive  to  both  local  lattice 
parameter  variations  and  nanostructure  lateral  size.  All  measurements  were  done  as  a 
function  of  the  scattering  angle  (radial)  and  the  sample  rotation  (angular).  Angular  scans 
(which  are  size  sensitive)  at  different  radial  positions  (strain  sensitive)  were  correlated 
with  AFM  and  TEM  measurements.  A  remarkable  anisotropy  was  observed  for  strain 
distributions  parallel  and  perpendicular  to  the  wires.  The  higher  strain  relaxation  was 
measured  along  the  [110]  direction,  perpendicular  to  the  wires.  This  large  strain 
anisotropy  was  not  observed  for  samples  with  dots  as  the  dominant  surface  shape. 


TNT2003 


September  15-19,  2003 


Salamanca-Spain  289 


Poster 


Fig.  1  -  Cross  section  TEM  of  the  InAs  nanowires  grown  on  InP. 
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Fig. 2  -  Grazing  incidence  x-ray  scattering  profiles  for  the  InAs  wires  grown  on  InP.  A 
large  anisotropy  in  strain  relaxation  can  be  observed  for  measurements  on  the  two 
crystallographic  directions. 


Fig. 3  -  Grazing  incidence  x-ray  scattering  profiles  for  the  InAs  dots  grown  on  InP.  The 
large  anisotropy  observed  for  the  wires  is  no  longer  observed.  Small  differences 
between  the  two  scans  are  associated  to  small  InAs  wires  on  the  surface,  in  very  low 
density. 
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ELECTRICAL  PROPERTIES  AND  CARRIER  TRANSPORT  IN 
InAs/InP  NANOSTRUCTURES 

K.O.Vicaro1,  H.R. Gutierrez1,  J.R.R.Bortoleto1,  F.Plentz2,  P.A.Schulz1  and  M. A. Cotta1 
‘.UNICAMP,  IFGW,  CP  6165,  13081-790  Campinas,  SP,  Brazil. 

2  Univ.Fed.Minas  Gerais.,  ICEx,  DF,  30123-970,  Belo  Horizonte,  MG,  Brazil 
E-mail:  monica@ifi.unicamp.br 

In  this  work  we  explore  spatially-resolved  electrical  properties  of  InAs/InP  semiconductor 
nanostructures,  mainly  wires  and  dots.  For  that  we  have  used  Kelvin-Probe  microscopy 
(KP),  conductive  atomic  force  microscopy  (C-AFM)  as  well  as  electron-beam 
litographically-processed  devices  in  order  to  access  the  parallel  conductance  of  the  grown 
nanostructures.  C-AFM  provided  current  imaging  measurements  as  well  as  I-V 
spectroscopy.  The  InAs/InP  nanostructures  were  grown  by  Chemical  Beam  Epitaxy  in  the 
Stranski-Krastanov  mode.  All  samples  were  n-type,  non-intentionally  doped.  KP 
measurements  on  InAs  films  -  few  monolayers  thick  -  grown  on  InP  have  shown  that  the 
position  of  the  Fermi  level  is  affected  by  the  presence  of  the  InAs  film  either  on  the  top 
surface  or  under  a  thin  InP  layer.  The  evaluated  Fermi  level  position  is  also  influenced  by 
the  type  of  grown  nanostructure  (dots  or  wires).  This  result  suggests  a  suppression  of  the 
depletion  region,  probably  due  to  accumulation  of  carriers  in  the  InAs  structures.  With  C- 
AFM  this  assumption  could  be  verified.  We  observed  that  InAs/InP  dots  and  wires  on  the 
top  surface  of  the  sample  present  much  larger  electrical  currents  than  the  wetting  layer. 
Spatial  changes  in  this  current  are  related  to  the  electrical  contact  between  the  conductive 
tip  and  the  nanostructure.  I-V  spectroscopy  measurements  show  that  the  general  electrical 
characteristic  is  that  of  a  Schottky  contact,  due  to  oxidation  by  exposition  to  air.  However, 
I-V  curves  show  different  threshold  bias  values  when  wetting  layer,  wires  or  dots  are 
measured.  Such  values  correlate  well  with  the  expected  band  gap  energy  for  these 
nanostructures.  On  the  other  hand,  e-beam  lithography  was  used  to  fabricate  a  400nm  wide 
gap  in  between  two  metallic  contacts  on  top  of  a  2-Dm  wide  mesa  with  the  InAs 
nanostructures.  I-V  curves  from  this  ensemble  of  nanostructures  present  a  large  peak  in 
conductance  at  -0.15V,  observable  even  at  room  temperature.  These  results  are  interpreted 
in  terms  of  the  carrier  transport  processes  in  the  wire-dot- wire  assembly  in  the  sample. 
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Fig.l  -  (a)  Topography  and  electrical  (Vsamp,e  =  -0.3  V)  AFM  images  of  the  InAs/InP  sample  showing  wires 
and  a  few  dots  (scan  size  =  0.3pm);  (b)  C-AFM  local  IxV  curves  acquired  on  a  wire  and  a  dot  with  different 

lateral  dimensions. 


Fig. 2  -  Processed  mesa 
structure  for  conductance 
measurements 


Fig. 3  -  Voltage  dependence  of 

the  conductance  between  the  metal  contacts 

for  the  sample  with  InAs  wires  and  dots. 
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A  TEM  STUDY  OF  THE  FORMATION  OF  NOBLE  METAL 
NANOWIRES  BY  USING  NANOSTRUCTURED  MESOPOROUS 

SILICA  TEMPLATES 

Jordi  Arbiol*'  *,  Emma  Rossinyol  *  Andreu  Cabot  *,  Francesca  Peiro  *,  Albert  Comet,  Joan 
Ramon  Morante  *,  Fanglin  Chen  *  and  Meilin  Liu  * 

*  SCT,  Universitat  de  Barcelona,  Lluis  Sole  i  Sabaris,  1-3,  E-08028  Barcelona, 

E-mail:  arbiol@giga.sct.ub.es 
http://nun97,  el.ub.es/~arbiol/ 

*EME  Enginyeria  i  Materials  Electronics,  Departament  d’Electronica,  Universitat  de 
Barcelona,  Marti  i  Franques  1,  E-08028  Barcelona. 

*  School  of  Material  Science  and  Engineering,  Georgia  Institute  of  Technology,  Atlanta,  GA 

30332-0245,  USA. 

In  this  communication,  we  report  our  findings  in  mesoporous  silica  as  nanostructured 
template  for  noble  metal  nanowire  production.  The  development  of  catalytic  systems  by  using 
nanostructured  mesoporous  materials  is  nowadays  attracting  much  attention  [1,  2].  The 
addition  of  noble  metals  in  order  to  modify  the  base  mesoporous  materials  characteristics  has 
been  shown  to  improve  their  physical  and  chemical  properties  [3,  4],  There  are  mainly  three 
different  kinds  of  mesoporous  molecular  sieves  (MMS).  The  first  one  is  the  so-called  M41S 
family  of  silica  and  aluminosilicates.  The  second  one  is  the  hexagonal  mesoporous  silica 
HMS  and  MSU  families.  The  hexagonal  SBA-15  materials  exemplify  the  third  family.  Here 
we  have  selected  the  SBA-15  mesoporous  silicas  because  they  have  long  range  order,  large 
monodispersed  mesopores  and  thicker  walls,  which  make  them  more  thermally  and 
hydrothermally  stable  than  previous  materials.  Moreover,  by  selecting  the  growth  conditions 
we  can  determine  the  pore  size  of  the  mesoporous  aggregates  and  therefore  the  final  width  of 
the  obtained  metal  nanowires  (from  3  to  10  nm). 

SBA-15  mesoporous  silica  was  synthesized  following  procedure  reported  by  Zhao  et  al.  [5] 
using  Pluronic  PI 23  triblock  copolymer  (EO20PO70EO20).  Metal  additives  were  introduced 
into  mesoporous  silica  by  impregnation  of  the  SBA-15  silica  with  0.0 1M  aqueous  solution  of 
palladium  chloride,  ammonium  tetrachloroplatinate,  potassium  pentachlororuthenate  and  gold 
chloride  hydrate,  followed  by  slow  evaporation  of  water.  TEM  was  carried  out  using  a 
Phillips  CM30  SuperTwin  electron  microscope  operated  at  300  keV  with  0.19  nm  point 
resolution.  For  TEM  observations,  silica  mesoporous  powders  were  ultrasonically  dispersed 
in  n-Hexane  and  deposited  on  amorphous  holey  carbon  membranes. 

In  the  present  work,  we  characterize  and  model  SBA-15  mesoporic  silicas  loaded  with  Pt,  Pd, 
Au  and  Ru.  Depending  on  the  impregnation  conditions,  these  metals  can  be  found  deposited 
as  nanoclusters  on  the  surface  of  the  mesoporous  structure  or  included  within  the  silica 
hexagonal  pores  (from  nanoclusters  to  nanowires).  In  order  to  demonstrate  that  the  nanowire 
formation  occurs  inside  the  pores  of  the  mesoporous  aggregates,  we  have  performed  a 
tomographic  TEM  study  of  the  nanostructures,  obtaining  3D  reconstruction  models.  The 
proposed  TEM  analysis  allows  following  the  nanowire  formation  inside  the  tube.  Once  we 
have  obtained  the  nanowires  inside  the  pores,  we  are  able  to  extract  them  by  chemically 
attacking  the  Si02  mesopore  walls  and  release  the  noble  metal  nanowires.  The  proposed 
methodology  offers  the  possibility  to  obtain  a  wide  range  of  metal  nanowires  (with  lengths  up 
to  1  micron)  and  moreover,  select  their  widths  (from  3  to  10  nm). 
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Figures: 


Fig.  1.  (a)  Bright  field  TEM  view  of  a  Pd  modified  mesoporous  silica  composite.  Notice  that  there  is 
Pd  on  the  composite  surface,  and  Pd  that  has  been  included  inside  the  pores,  (b)  Pd  modified 
mesoporous  silica  mode!  with  the  palladium  adopting  non-regular  hexagonal  prism  morphology. 
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MEASUREMENT  OF  ELASTICITY  AND  FRICTION  USING  ATOMIC- 
FORCE  MICROSCOPE  CANTILEVER  TORSIONAL  RESONANCE 

M.  Reinstadtler,  A.  Caron,  U.  Rabe,  and  W.  Arnold 

Shear  stiffness  and  friction  phenomena  can  be  investigated  by  evaluating  the  torsional 
resonances  of  AFM  cantilevers.  The  torsional  resonances  of  the  cantilevers  are  excited  by  a 
piezoelectric  transducer  placed  below  the  sample  which  generates  in-plane  sample  surface 
vibrations  while  the  sensor  tip  is  in  contact  with  the  sample.  At  low  lateral  surface  vibration 
amplitudes  the  sensor  tip  remains  in  elastic  contact  with  the  sample  surface,  and  the  cantilever 
behaves  like  a  linear  oscillator  with  viscous  damping  and  a  certain  set  of  resonances 
frequencies.  If  the  surface  vibration  is  increased  above  a  critical  amplitude,  typically  0.2  nm, 
the  maximum  of  the  resonance  curves  does  not  increase  any  more  and  the  curves  develop  a 
plateau  at  their  highest  amplitude.  Numerical  simulations  of  a  corresponding  nonlinear 
oscillator  driven  by  a  dry  friction  element  produced  curve  shapes  as  in  the  experiment.  This 
led  us  to  the  conclusion  that  the  plateaus  in  the  resonance  curves  indicate  the  onset  of  stick- 
slip  in  the  relative  tip-sample  oscillation.  This  is  confirmed  by  the  fact  that  the  critical  surface 
amplitude  increases  with  increasing  static  cantilever  load.  Furthermore,  for  a  bare  silicon 
sample  it  is  higher  than  for  lubricated  silicon. 
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ON  SUPERPARAMAGNETIC  AND  MAGNETIC  CONTRIBUTIONS  IN 

NANOCOMPOSITES 

M.  Chipara,  D.  Hui1,  S.  M.  Vilarino1,  S.  Balascuta, 

R.  Skomski2,  D.  Leslie  Pelecky2,  A.  Lau3,  M.  Bubacz',  J.  Zhou2,  R.  Artiaga4,  D.  J.  Sellmyer2 
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2University  of  Nebraska,  Department  of  Physics  and  Astronomy,  Lincoln,  NE  68503,  USA. 
3The  Hong  Kong  Polytechnic  University,  Department  of  Mechanical  Engineering,  Hong 
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Much  research  has  been  focused  on 
nanocomposites  obtained  by  dis¬ 
persing  magnetic  nanoparticles 
within  polymeric  matrices.  As 
most  magnetic  nanoparticles  were 
obtained  by  energetic  milling,  a 
relatively  broad  distribution  of 
particles  size  is  expected.  Most 
magnetic  nanoparticles  exhibit 
magnetic  single  domains. 
Nevertheless,  when  the  size  of 
magnetic  particles  is  further 
decreased,  the  competition 
between  thermal  fluctuations  and 
magnetic  properties  is  modified  up 
to  a  point  where  thermal 


Magnetic  Field  (Oe) 


fluctuations  are  sufficiently  large 
to  destroy  the  magnetic  order  and 
to  impose  superparamagnetic 
features.  The  deconvolution  of 
superparamagnetic  and  magnetic 
contributions  is  extremely  impor¬ 
tant  for  near  future  applications 
such  as  ultra  high-density  magnetic 
media. 


FIGURE  1. 

TOP  PANEL:  The  hysteresis  loop  of  BaFe-SBS  for  the 
sample  spun  at  2500  rotations  per  minute  (magnetic 
measurement  in  the  parallel  configuration). 

BOTTOM  PANEL:  The  first  derivative  of  the  hysteresis 
loop  versus  the  applied  magnetic  field,  for  the  sample  spun  at 
2500  rotations  per  minute  (magnetic  measurement  in  the 
perpendicular  configuration). 


A  method  to  deconvolute  the  superparamagnetic  and  magnetic  contributions  to  the  hysteresis 


loops  is  presented. 

Composites  have  been  obtained  by  dispersing  barium  ferrite  (BaFe)  nanometer  sized 
magnetic  nanoparticles  into  a  dilute  chloroform  solution  of  poly(styrene-b-butadiene  -b- 
stvrene)  (SBS)  triblock  copolymer.  BaFe  nanopar-ticles  were  introduced  in  a  so-lution  of  1% 
s^vrene-buta-diene-styrene  copolymer  in  chloroform  and  sonicated  in  air  at  50  C  for  about  10 
hours.  Magnetic  nanocomposite  films  were  deposited  on  Si  wafers  by  spin  coating  at  various 
frequencies.  After  deposition,  the  samples  were  dried  in  vacuum  at  50°C  for  several  days. 
Further  details  are  given  in  [1],  The  magnetic  properties  of  BaFe-SBS  films  were  measured 
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t  Alternating  Gradient  Force 
r  .agnetometer  (AGFM)  in 
loth  parallel  and 

perpendicular  configurations. 
Hie  inspection  of  hysteresis 
I  ops  reveals  slight  distor¬ 
tions,  at  very  small  magnetic 
f  el  ls  (see  Figure  1).  The  first 
i  r'vative  of  the  hysteresis 
I  o )  with  respect  to  the 
magnetic  field  has  been  used 
to  analyze  more  accurately 
these  distortions.  As  shown  in 
Tigure  1,  the  dependence  of 
f  e  first  derivative  of  the 
!  s  eresis  loop  on  the  external 
i  a  netic  field  presents  two 
pea  rs,  one  located  close  to 
]{=(!  and  the  other  at  higher 
magnetic  field.  The  location 
(  f  the  high  field  peak  is  close 
to  'he  coercive  field.  The 
di,:  epancy  between  the 

!  ion  of  this  peak  and  the 
t  '■  eive  field  estimated  from 
the  hysteresis  loop  will  be 
rna  vzed.  From  Figure  2  it  is 
<  hs  :rved  that  by  increasing 
the  -pinning  frequency,  the 
’vc‘  :it  of  the  super 
i  a  amagnetic  peak  is 

i  reased.  This  reflects  the 
i  ,'moval  of  the  bulkier  BaFe 

mnoparticles  during  the 

s  ining  process. 
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FIGURE  2. 

LEFT  PANEL 

The  first  derivative  of  the  hysteresis  loop  of  BaFe-SBS  for 
samples  spun  at  various  frequencies  (magnetic  measurement  in 
the  perpendicular  configuration).  A  =  500  rotations/min,  B  =  750 
rotations  /min,  C  =  1000  rotations  /min,  D  =  4000  rotations  /min, 
and  E=5000  rotations  /min. 

RIGHT  PANEL 

The  first  derivative  of  the  hysteresis  loop  of  BaFe-SBS  for 
samples  spun  at  various  frequencies  (magnetic  measurement  in 
the  parallel  configuration).  F  =  1000  rotations/min,  G  =  2500 
rotations/min,  FI  =  4000  rotations/min,  I  =  5000  rotations  /min, 

an H  l  =  7Snn  mtatinnQ  /min 
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Sellmyer.  On  styrene-butadiene-styrene-barium  ferrite  nanocomposites,  Composites  B,  to 
appear. 
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STUDY  OF  MAGNETIC  NANOSTRUCTURES  INDUCED  BY  ION 

BOMBARDMENT 


A  .Asenio.  E.  Carrasco,  O.  Rodriguez  de  la  Fuente,  J.M.  Rojo 
Dpto.  Flsica  de  Materiales,  Universidad  Complutense  de  Madrid,  28040  Madrid  Spain 

Email:  aasenio@icmm.csic.es 


Recently,  a  great  effort  in  the  optimization  of  the  nanofabrication  methods  is  observed. 
The  most  extended  technique  is  the  lithography  by  UV  light  as  well  as  by  ion  or 
electron  beam.  However,  the  techniques  based  on  self-organized  effects  reveal  as  the 
most  efficient  method  to  obtain  nanostructures  in  a  large  scale.  In  this  sense,  some  good 
results  have  been  obtained  by  using  the  growth  of  island  in  (JHV  [1]  and  ion  irradiation 
in  semiconductors  [2,3]  or  metals  [4,5].  In  this  work,  we  present  a  method  for  the 
production  of  magnetic  nanostructures  by  ion  bombardment  of  thin  films.  The  change 
on  topography  and  magnetic  behavior  [6,7]  due  to  the  irradiation  with  low  energy  ions 
at  high  dose  [8]  has  been  studied. 

Amorphous  CoCr  thin  films  have  been  grown  by  sputtering  onto  glass.  The  roughness 
of  the  samples  before  ion  erosion  (Fig  1)  is  about  0.5nm  (rms  value  measured  from  the 
Scanning  Force  Microscopy  images).  After  exposing  the  thin  films  to  low  energy 
(IkeV)  Ar+  ions,  an  increase  in  the  roughness  is  observed.  Figure  2  shows  the  height 
distribution  plots  obtained  from  the  SFM  data.  The  broadest  distribution  corresponds  to 
the  samples  irradiated  with  highest  flux  and  dose.  Under  certain  irradiation  conditions, 
the  thin  film  evolves  to  a  nanostructured  surface  (Fig  3).  In  this  range  of  bombardment 
parameters,  the  size  of  the  structures  increases  with  the  dose  as  shown  in  the  PSD 
graphic  (Power  Spectra  Density  calculated  from  the  Fast  Fourier  Transform)  in  Figure 
4. 
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MOS  NANOTRASISTOR  MOBILITY  MODELLING 
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University  “Politehnica”  of  Bucharest,  Romania, 
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The  new  challenge  of  Nanotechnology  needs  most  precise  models  for  active  devices.  From  this 
point  of  view  the  design  of  linear  analog  circuits  lacks  models  for  state-of-the-art  MOS  transistors 
to  accurately  describe  distortion  effects.  This  is  mainly  due  to  inaccurate  modelling  of  the  mobility 
degradation  effect  i.e.  the  dependence  of  carrier  mobility  in  the  inversion  layer  on  the  normal 
electric  field.  A  new  mobility  relation  in  agreement  with  experiment  was  obtained  using  quantum 
mechanical  transport  analysis. 

Since  the  scaling  down  of  MOS  transistor  dimensions  is  accompanied  by  a  decrease  in  gate  oxide 
thickness  and  an  increase  in  substrate  doping,  the  effective  electric  field  may  reach  very  high  values 

in  nanodevices  and  as  a  result  the  expression  of  carrier  mobility  /i  =  - — — —  (1)  becomes 

1  +  dp  Eeff 

inaccurate.  //0  is  the  bulk  mobility,  #/(  is  an  empirical  parameter  and  the  effective  normal  electric 
field  Eefj  =  ~  ^~dcp  ^ (2);  T)  is  an  empirical  parameter  which  is  taken  to  be  1/2  for  electrons  and 

SSi 

1/3  for  holes.  In  strong  inversion,  neglecting  the  influence  of  drain  voltage,  Oim,  =  -Cm(l/os~^/)  ar>d 

Qtt  =  -y c„x y/PsH  +  4>b  (3).  The  semi-empirical  formulation  (1)  is  still  used  to  describe  the  mobility 

degradation  effect  in  most  state-of-the-art  MOSFET  models.  Since  mobility  degradation  is 
dependent  on  the  normal  electric  field,  it  will  particularly  affect  the  higher-order  derivatives  of 


drain  current  to  gate  voltage  -^-  (gm ),  (gn,)  and  (gm3).  For  a  long-channel  n-type 

9  Vos  dVas  "  9  V as 

transistor  where  the  effect  of  mobility  reduction  is  dominant  this  model  cannot  predict  the  zero¬ 
crossing  in  the  third-order  derivative  and  a  better  description  of  surface  mobility  is  necessary. 

The  channel  mobility  must  be  treated  quantum-mechanically  because  the  thickness  of  the  inversion 
layer  is  in  the  order  of  a  few  A,  smaller  than  the  wavelength  of  carriers.  Quantum-mechanical 
calculations  show  that  energy  subbands  of  electrons  and  holes  are  formed  in  different  energy 
valleys.  The  spacing  of  these  subbands  increases  with  increasing  normal  electric  field  i.  e.  in  the 
weak  inversion  region,  where  many  subbands  are  occupied,  quantum  effects  get  washed  out,  but  in 
the  strong  inversion  region,  where  very  few  subbands  are  occupied,  quantum  effects  become 
important.  The  high  order  derivatives  ( gm ),  (g„,2)  and  (gm3),  shown  in  figure  1  has  been  calculated 
from  the  measured  harmonics  using  the  circuit  from  figure  2.  Including  Coulomb  scattering,  phonon 
scattering  and  surface  roughness  scattering  mechanisms  we  obtained  the  following  expression  for 


mobility  //  =  - 


(4).  Using  this  mobility  in  the  expression  for  the  current  we 


Oc  +  dps  sjdpl,  +  dsr  Eeff 

obtained  a  very  good  fit  between  experiment  and  modelling,  (see  figure  1). 

In  strong-inversion  both  hole  and  electron  mobility  is  mainly  limited  by  two  scattering  mechanisms: 
phonon  scattering  and  surface  roughness  scattering,  but  they  still  exhibit  a  different  dependence  on 

the  effective  normal  field  Eeff  .  The  results  can  be  extended  to  short  channel  transistors,  when  the 
gate  voltage  dependency  of  series  resistance  can  be  also  incorporated  in  the  models.  In  order  to 
minimize  distortion  in  circuits,  it  is  often  important  to  make  the  third-order  derivative  zero.  This  is 
possible  for  long  channel  n-type  MOS  transistors,  where  mobility  degradation  is  more  dominant 
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than  the  effect  of  series  resistance.  The  DC-biasing  point  for  which  gm3  becomes  zero,  is  essentially 
determined  by  the  presence  of  the  e]j,  term  and  can  be  accurately  predicted  using  equation  (4). 
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Figure  I .  Measured  (exp)  and  modelled  (mod)  Figure  2.  Circuit  used 

values  of  ( gni ),  ( gni2 )  and  ( gm3 ),  versus  VGs  for  for  harmonics  measurement 

n-type  transistor  at  VSb  =  OV  using  equation  (4). 
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DESIGN  AND  DEVELOPMENT  OF  NANOSCALE  SENSORS  FOR 
ENHANCED  MAGNETORESISTIVE  RESPONSE 
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Magnetic  and  magnetoresistive  sensor  are  widely  used  in  different  branches  of 
today’s  technology  covering  from  automotive  to  microelectronic  applications.  The  fast 
development  of  these  applications  requires  a  continuous  improvement  of  the 
performances  of  these  devices.  In  this  sense  patterned  magnetic  nanostructures  (PMN) 
represent  a  very  interesting  approach  since  their  magnetoresistive  response  can  be  very 
different  from  that  in  thin  film  or  bulk  material.  Magnetic  domains  in  PMN  can  be 
precisely  controlled  by  pattern’s  size  and  shape  and,  therefore  the  magnetoresistive 
response  can  be  substantially  improved  with  an  appropriate  design. 

Different  devices  based  on  these  PMN  have  already  been  tested  in  metals  (l)  but 
up  to  now  no  data  have  been  reported  in  magnetic  oxides.  In  this  work  we  present  the 
development  of  magnetic  sensors  based  on  PMN  fabricated  in  fully  spin  polarized 
manganese  oxide  thin  films  (Lai_xLxMn03,  L=Ca,  Sr).  The  design  and  sizes  of  the  PMN 
sensors  are  have  been  selected  to  control  the  nucleation  and  number  of  magnetic 
domains  in  order  to  take  advantages  of  the  magnetoresistance  generated  by  domain 
walls. 

The  fabrication  of  the  PMN  with  different  shapes  (full  squares,  square  frames) 
and  sizes  have  been  performed  by  using  high-resolution  e-beam  lithography.  The 
magnetotrasport  properties  of  the  different  PMN  are  analyzed  as  a  function  of  the  size 
and  aspect  ratio. 


SEM  image  of  a  square  frame  sensor 
(1)  S.Y.  Chou,  proceedings  of  the  IEEE,  Vol.  85,  652  (1997) 
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INCOMPRESSIBLE  STATES  IN  DOUBLE  QUANTUM  DOTS 

N.  Barberan  and  J.  Soto 

Dpto.  ECM  Facultadde  Fisica,  Universidad  de  Barcelona,  Diagonal  647,  08028 

Barcelona. 

We  study  the  incompresible  states  of  vertically  coupled  quantum  dots  within  the 
lowest  Landau  level  regime  by  means  of  an  exact  diagonal ization  calculation.  We 
identify  the  magic  values  of  the  total  angular  momentum  M  of  incompressible  states  by 
the  origin  of  the  plateaux  obtained  in  the  Coulomb  contribution  to  the  total  enery  versus 
M.  The  full  phase  diagram  driven  by  the  inter-dot  tuneling  strength  and  the  inter-dot 
distance  shows  hat  the  interplay  of  these  two  parameters  determines  transitions  between 
incompressible  and  compressible  states  and  between  double  quantum  dots  and  two 
decoupled  single  quantum  dots.  We  study  different  collective  excitations  over  the  filling 
factor  equal  to  two  ground  states.  The  dipolar  excitation  allows  us  to  consider  the 
applicability  of  the  Khon  theorem  to  the  case  of  a  double  quantum  dot.  The  behaviour  of 
the  excitations  that  increse  the  angular  momentum  and  simultaneously  changes  spin  and 
parity  shows  that  the  canted  state  has  short  range  order  signaled  by  the  magnetoroton 
type  minimum  in  the  dispersion  relations  of  these  modes. 
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COMPARATIVE  STUDY  OF  FERROFLUIDS  BASED  ON 
DEXTRAN-COATED  IRON  OXIDE  AND  METAL 
NANOPARTICLES  FOR  CONTRAST  AGENTS  IN  MAGNETIC 

RESONANT  IMAGING 

M.C.  Bautista1*,  O.  Bomati-Miguel1,  X.  Zhao1,  M.P.  Morales1,  R.  Perez  de  Alejo2,  J. 

Ruiz-Cabello2  and  S.  Veintemillas-Verdaguer1 
1  Institute  de  Ciencia  de  Materiales  de  Madrid,  CSIC,  Cantoblanco,  28049-Madrid 

(Spain) 

*E-mail:  cbs@icmm.csic.es 
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Colloidal  suspensions  of  magnetic  nanoparticles  have  found  application  in  biomedicine 
as  new  contrast  agents  for  Magnetic  Resonant  Imaging  (MRI)  [I].  The  advantage  of 
using  this  material  showing  superparamagnetic  behaviour,  is  its  higher  registered  signal 
at  much  lower  doses  than  paramagnetic  contrast  agents  such  as  gadolinium  salts, 
avoiding  secondary  effects  for  the  human  body. 

Commercial  products  are  based  on  iron  oxide  nanoparticles  obtained  via  precipitation  in 
solution  of  iron  salts  and  subsequent  size  selection  process  that  leads  to  a  uniform  solid 
with  particle  sizes  around  5  nm.  Recently,  a  new  synthesis  process  has  been  developed 
in  our  laboratory  to  produce  magnetic  nanoparticles  by  pyrolysis  of  iron  pentacarbonyl 
solutions  induced  by  laser  [2].  This  method  allows  the  preparation  of  iron  oxide  and 
metal  iron  nanoparticles  with  sizes  around  5  nm  and  a  very  narrow  particle  size 
distribution  in  a  single  step  [2,  3]. 

In  this  work,  colloidal  suspensions  of  iron  oxide  and  metal  iron  nanoparticles  prepared 
by  laser  pyrolysis  have  been  obtained  by  coating  the  particles  with  dextran  in  an 
aqueous  media  giving  rise  to  biocompatible  ferrofluids.  The  structural  characteristics  of 
the  powders  and  the  size  of  the  aggregates  in  the  colloidal  suspensions  have  been 
analysed  and  correlated  with  the  magnetic  properties  of  both  solids  and  fluids.  For  the 
first  time  up  to  our  knowledge,  a  stable  ferrofluid  based  on  metal  particles  has  been 
obtained  with  an  aggregate  size  smaller  than  100  nm  and  therefore  with  application  in 
biomedicine  (Fig.  1).  The  magnetic  behaviour  of  this  material  in  comparison  to  the  iron 
oxide  fluid  and  the  commercial  products  shows  a  much  higher  saturation  magnetisation 
(73  emu/g)  and  susceptibilities  of  the  order  of  4000  emu/gT  (Fig.  2). 

In  addition,  the  MR  response  of  the  ferrofluids  has  been  measured  in  order  to  gain 
information  about  the  influence  of  the  crystallochemical  and  magnetic  properties  on 
their  relaxation  behaviour.  The  main  parameter  affected  by  the  presence  of  the  magnetic 
nanoparticles  is  the  transversal  relaxation  times  T2  and  the  corresponding  relaxivity  R2 
values  are  of  the  order  of  50  (mmol/1)'1  s’1.  From  this  study  an  evaluation  of  the 
possibilities  of  these  materials  as  contrast  agents  for  MR  imaging  has  been  estimated. 
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Fig.  1.  TEM  images  of  the  dispersions  of  dextran-coated  magnetic  nanoparticles 

prepared  by  laser  pyrolysis. 


H  (Teslas) 


Fig.  2.  Magnetic  behaviour  at  room  temperature  of  the  colloidal  dispersions. 
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NUCLEOBASE  DERIVED  MONOLAYERS  OF  CONJUGATED 
POLYMERS  FOR  NUCLEOTIDE  RECOGNITION 

Amir  Berman  and  Chen  Jie 
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Technology,  Ben-Gurion  University,  Beer-Sheva,  Israel 
E-mail:  aberman@bgumail.bgu.ac.iul 


Conjugated  polydiacetylene  Langmuir  films  with  cytosine  (PDC)  headgroups  at  various 
surface  dilutions  are  formed  on  aqueous  solution  in  the  presence  or  absence  of  the 
complementary  nucleobase,  Guanosine  (G).  A  detailed  study  of  the  film  organization  in 
response  to  the  PDC  surface  dilution  is  presented.  At  2:1  dilution  ratio  the  PDC/PDOH 
mixed  film  exhibit  regular  long-range  linear  arrangement. 

Hybridization  of  the  film  with  complementary  short  oligonucleotides  yielded  a 
supramolecular  PDC/DNA  assembly  that  is  organized  in  long-range  parallel  order. 

The  polymer  consist  of  combination  of  low  band-gap  conjugated  polymer  organic 
semiconductor  with  specific  recognition  sites  at  its  surface.  Binding  of  complementary  DNA 
strand,  induce  conformational  changes  that  are  manifested  in  changes  of  the  charge  carrier 
properties  as  measured  by  conducting  probe  AFM  on  a  local  scale. 
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FORMATION  AND  CHARACTERIZATION  OF  GLUTAMATE  DEHYDROGENASE 
MONOLAYERS  ON  SILICON  SUPPORTS 

L.  Blasi*.  L.  Longo,  P.  Pompa,  G.  Ciccarella,  G.Vasapollo,  R.  Cingolani  and  R.RinaIdi. 

National  Nanotechnology  Laboratory  oflNFM  c/o  Department  of  Innovation  Engineering,  University 
of  Lecce,  Italy  *  E-mail  address:  laura.blasi@unile.it 

Protein  films  on  solid  substrates  are  key  components  of  molecular  devices  such  as  micro-  and  nano¬ 
biosensors  and  biocompatible  materials.  The  development  of  enzyme-based  biosensor  requires,  therefore,  a 
detailed  understanding  of  the  protein  immobilization  process  and  of  their  possible  conformational  and  functional 
changes. 

Among  several  different  fields  in  which  biosensors  can  be  usefully  employed,  monitoring  the  Glutamate 
concentration  in  solutions  can  have  great  importance,  as  Glutamate  favors  the  transfer  of  amino  groups  among 
different  amino  acids  [1],  moreover,  as  Glutamate  acts  as  excitatory  neurotransmitter  within  the  central  nervous 
system,  disruptions  of  its  metabolism  are  related  to  other  clinical  disorders,  including  Alzheimer's  disease  and 
schizophrenia[2].  For  these  reasons,  Glutamate  Dehydrogenase  (GDH)  could  have  great  importance,  as  GDH 
reversibly  catalyzes  the  oxidative  deamination  of  Glutamate  to  a-ketoglutarate  and  ammonia,  GDH-based 
devices  would  allow  to  accurately  monitorize  the  Glutamate  concentration  in  solutions  [3],  The  enzyme 
monolayers  were  deposited  on  silicon  supports  by  two  different  immobilization  processes  involving  3- 
aminopropyltriethoxysilane:  the  “three-step”  (Fig.  1)  and  the  “four-step”  procedures  (Fig.  2)  based  on  the 
covalent  binding  of  biomolecules  .  Detailed  analyses  were  carried  out  to  study  conformational  changes  induced 
by  the  immobilization  procedure  on  silicon  supports  using  Atomic  Force  Microscopy  (AFM),  enzymatic  assay, 
Fourier-transform  infrared  spectroscopy  (FT-IR)  and  fluorescence  spectroscopy. 

Atomic  Force  Microscopy  images  of  the  “three-step”  immobilization  procedure  revealed  a  protein  film 
with  a  thickness  of  ~5  nm,  which  is  consistent  with  the  theoretical  thickness  of  a  structure  involving  one 
monolayer  of  Glutamate  Dehydrogenase  on  top  of  the  two  preparatory  layers  (Fig. 3),  whereas  in  images  of  the 
surface  derivatizated  by  the  “four-step”  procedure,  only  some  significant  structures  (4.2  nm  high  and  80  nm 
wide)  are  visible,  which  can  be  assigned  to  monomolecular  islands  of  protein  (Fig.4). 

The  capability  of  the  immobilized  enzyme  to  retain  its  activity  after  repeated  analyte  exposure  is  very 
important  for  the  exploitation  of  the  devices;  to  this  aim,  we  have  measured  the  activity  of  immobilized  GDH  in 
our  solid  films.  The  immobilized  enzyme  with  both  procedures  was  assayed  spectrophotometrically  following 
the  decrease  in  absorbance(A)of  NADH  at  340nm  using  the  reversible  reaction  a-ketoglutarate  +NH4++NADH 
<-»  Glutamate  +  NAD++H20.  The  reaction  rate  for  the  three-step  immobilized  enzyme  is  remarkably  faster 
(dA/dt=  -1.67  x  1  O'3  ±  3  x  10'5)  than  that  characteristic  of  the  spontaneous  oxidation  of  NADH  (dA/dT=  -4.04  x 
10  4  ±  2.1  x  10'5)  [4],  which  is  similar  to  the  one  of  the  four-step  procedure  (dA/dt=  -2.97  x  10  4  ±  1.5  x  10° 
(Fig.  5). 

In  Fig.  6a  the  FT-IR  spectrum  of  the  immobilized  GDH  enzyme  is  compared  to  that  of  native  GDH. 
Some  of  the  absorption  bands  are  peculiar  of  the  Glutamate  Dehydrogenase  enzyme(the  band  around  3400/cm, 
2960/cm,  the  two  bands  at  1700-1600/cm).  We  have  applied  FT-IR  to  the  analysis  of  derivatized  silicon 
surfaces  before  exposure  to  enzyme  solution.  Figure  6b  compares  the  IR  spectra  of  silicon  surfaces  derivatized 
by  the  three-step  procedure  before  and  after  enzyme  immobilization.  Figure  6c  shows  the  surface  derivatized  by 
the  four-step  procedure  before  and  after  enzyme  immobilization.  The  typical  bands  of  the  GDH  enzyme  appear 
in  the  IR  spectrum  after  the  incubation  in  the  enzyme  solution  of  silicon  surfaces  derivatized  by  the  three  or 
four-step  procedure.  These  data  confirm  the  covalent  linkage  of  the  enzyme  on  the  functionalised  silicon 
surfaces  for  both  immobilization  procedures. 

The  emission  spectrum  is  an  important  indicator  of  the  integrity  of  the  protein  globular  fold  [5],  hence, 
Trp  photoluminescence  represents  an  ideal  tool  for  monitoring  protein  conformational  changes  and  interactions 
with  other  molecules  [6].  The  photoluminescence  of  the  enzyme  immobilized  by  the  three  step-procedure 
exhibits  a  fluorescence  spectrum  identical  to  that  of  native  GDH  in  buffer  (A.max  =  340.5  nm),  revealing  that  this 
kind  of  immobilization  does  not  affect  the  fold  pattern  of  the  native  enzyme  (Fig. 7).  The  same  analyses  were 
performed  on  the  protein  film  obtained  with  the  four-step  procedure,  without  any  detectable  fluorescence  . 

Our  results  demonstrate  that  the  binding  through  the  “three  step”  procedure  does  not  affect  the  fold  pattern  of 
the  native  enzyme,  suggesting  that  this  immobilization  method  could  be  suitable  for  the  development  of 
stable  enzyme-based  planar-  biosensors. 
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CHAOTIC  BILLIARDS  AS  MODEL  IN  NANOTECHNOLOGY 
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There  has  been  an  increasing  interest  in  the  study  of  chaotic  phenomena  in  recent  years,  both 
in  dissipative  and  Hamiltonian  systems.  This  phenomena  are  very  important,  among  other 
areas,  in  the  field  of  Nanotechnology.  The  transport  of  ballistic  electrons  in  semiconductor 
heterostructures,  experimentally  analyzed  recently  [1],  can  be  studied  properly  by  means  of 
quantum  billiard  models,  using  the  methods  of  nonlinear  dynamics  [2]. 

Even  though  at  classical  level,  there  is  a  precise  characterization  of  the  relevant  structures  (for 
instance:  atractors,  stable  and  unstable  manifold,  periodic  orbits,  homoclinic  points,  entropies, 
Lyapunov  exponents,  etc.)  at  quantum  level  there  is  no  equivalent  knowledge.  For  this  reason,' 
some  of  the  most  active  fields  of  research  in  quantum  chaos  are:  quantum  mechanical 
evolutions  for  long  times,  semiclassical  evaluation  of  eigenenergies  and  eigenfunctions  in 
terms  of  classical  invariants,  statistical  study  of  fluctuations  and  parametric  correlations  of 
different  properties  of  the  system,  or  resummation  techniques  using  symbolic  dynamics,  in 
order  to  treat  divergent  semiclassical  trace  formulae  to  eigenenergies,  eigenfunction,  and 
probability  transitions. 

These  theoretical  problems  find  an  inmediate  application  in  mesoscopic  systems.  As  a  matter 
of  fact,  it  has  been  possible  to  make  semiconductor  submicron-sized  structures  such  that  the 
electron  transport  occurs  in  the  ballistic  regime  [3],  Recent  experiments  have  uncovered  a 
variety  of  interesting  transport  anomalies  all  of  which  demonstrate  the  importance  of  the 
geometrical  characteristics.  These  anomalies  can  be  succesfully  analyzed  in  terms  of  classical 
billiards  ball  models.  However,  at  very  low  temperatures  quantum  interference  effects  become 
important,  giving  rise  to  large  fluctuations  in  transport  conductance,  which  can  be  analyzed 
within  the  semiclassical  framework  of  chaotic  scattering  in  quantum  billiards  [4], 

In  this  contribution  we  will  consider  the  phenomenon  of  probability  localization  through 
scarring  of  the  wave  functions  in  chaotic  billiards.  Scarring  was  brought  to  the  attention  of  the 
scientific  community  by  Heller  [5],  who  provided  the  first  explanation  for  their  existence 
using  wave  packet  dynamics.  Since  then,  a  lot  of  analytical  work,  numerical  evidence,  and 
experimental  tests  in  a  variety  of  systems  have  confirmed  the  existence  and  relevance  od 
scarring. 

Recently,  we  have  taken  a  major  step  in  this  directions  with  the  development  of  numerical 
techniques  which  allow  the  investigations  of  short  time  dynamics  influeced  by  classical 
periodic  orbits,  and  the  phenomenology  derived  from  it  in  chaotic  billiards  [6]. 
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HYDROGEN  ADSORPTION  ON  SINGLE  WALL  CARBON 

NANOTUBES 
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Instituto  de  Carboqui'mica,  CSIC,  C/  Miguel  Luesma  Castan,  4,  50018  Zaragoza,  Spain. 

None  of  the  existing  technologies  for  hydrogen  storage  fulfil  the  requirements  for 
mobile  applications  and  nanostructured  carbons  are  being  investigated  as  potential 
hydrogen  adsorbents.  Hydrogen  adsorption  in  Carbon  Nanotubes  (CNTs)  has  been 
object  of  huge  interest  since  they  are  light,  hollow  and  porous  systems  that  seem  ideal 
candidates  for  hydrogen  storage.  Nevertheless  there  is  a  big  controversy  due  to  the 
dispersion  of  both  theoretical  and  experimental  studies 

The  determination  of  the  hydrogen  adsorption  capacity  for  one  well-characterized 
sample  by  using  several  measurement  devices  seems  a  good  method  to  determine  the 
real  storage  capacity  on  a  given  sample.  It  is  very  often  difficult  to  find  good  correlation 
between  adsorption  data  obtained  by  different  measurement  techniques  for  the  same 
material.  This  fact  probably  contributes  to  the  discrepancies  around  the  real  sorption 
capacity  of  a  given  carbon  material. 

Hydrogen  adsorption  data  on  as-grown  and  modified  SWNTs  in  a  volumetric  equipment 
(Quantachrome  Autosorb-1),  in  a  gravimetric  equipment  (IGA-001)  and  by  an 
electrochemical  method  are  reported  (see  Table  1).  SWNTs  were  produced  by  the  arc- 
discharge  method  [1]  with  Ni  2  at.%  and  Y  0.5  at.%  as  catalysts.  A  range  of  hydrogen 
pressure  up  to  20  bar  is  covered,  the  adsorption  data  being  far  from  the  DOE  target.  It  is 
interesting  to  note  that  the  results  here  are  compatible  with  other  previous  studies  [2-5]. 
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Table  1.  Comparative  data  of  hydrogen  adsorption  for  as-grown  (S205)  and  modified  (S205+350) 
SWNTs  obtained  by  the  three  measurement  techniques  presented  in  the  text. 


Measurement 

Temperature 

S205 

S205+350 

technique 

p  fmbarl 

Hydrogen  wt% 

p  fmbarl 

Hydrogen  wt% 

Autosorb- 1 

77  K 

1023 

0.317 

1023 

0.924 

298  K 

931 

0.008 

1034 

0.012 

77  K 

992 

0.175 

1001 

0.811 

IGA 

19993 

0.670 

19996 

1.390 

298  K 

993 

0.025 

1000 

0.013 

19996 

0.073 

20001 

0.100 

Electrochemical 

Room 

Room 

0.08 

Room 

0.28 
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OPTICAL  RESPONSE  OF  nc-Si:Er  THIN  FILMS  PRODUCED  BY  rf 
SPUTTERING  AS  A  FUNCTION  OF  MICROSTRUCTURE 

M.F.  Cerqueira1.  M.V.  Stepikhova2,  M.  Losurdo3,  Teresa  C.  Monteiro4,  Isabel  Gomes' 
Departamento  de  Flsica,  Universidade  do  Minho,  Campus  de  Gualtar  4710-057  Braga,  Portugal, 
institute  for  Physics  of  Microstructures  RAS,  603600  Nizhnij  Novgorod,  GSP-105,  Russia 
JPlasma  Chemistry  Research  Center,  CNR,  Via  Orbona,  4,  70126  Bari,  Italy 
4Departamento  de  Flsica,  Universidade  de  Aveiro,  Campus  de  Santiago  3700  Aveiro,  Portugal 
Contact  and  presenting  author:  E-mail:  fcerqueira@fisica.uminho.pt 

Semiconductor  nano-structures  of  typical  size  <  10 run,  are  of  considerable  current  interest 
because  of  the  new  physics  involved  and  the  potentialities  for  device  applications. 

Erbium  doped  silicon  (Si:Er)  is  a  recognised  candidate  to  become  the  material  for  emitters 
and  detectors  to  be  used  in  optical  telecommunication  systems.  However,  the  efficiency  of 
energy  transfer  from  Si  matrix  to  Er  centres  at  operating  temperatures  and  the  problem  related 
with  the  strong  PL  temperature  quenching  makes  questionable  the  effectiveness  of  this 
system.  As  predicted,  more  perspective  in  this  case  would  be  the  use  of  low  dimensional  Si 
structures,  where  the  Si  nano-crystallites  can  act  as  an  active  species  for  the  excitation  of  rare 
earth  ions.  Studies  of  the  photoluminescence  of  Er-doped  nanocrystalline  silicon  films 
constitute  an  important  probe  for  these  applications. 

In  this  contribution  we  show  the  ability  to  produce  by  the  reactive  magnetron  sputtering 
method  Er-doped  nc-Si:H  thin  films  emitting  at  room  temperature. 

Erbium  doped  nanocrystalline  silicon  thin  films  were  produced  by  the  reactive  magnetron 
sputtering  technique  at  fixed  RF  power,  substrate  temperature  and  gas  mixture  composition 
but  varying  bias  conditions  (grounded,  and  different  negative  bias).  The  samples  have  been 
studied  by  several  techniques.  For  the  structural  characterisation  we  used  X-ray  in  the  grazing 
incidence  geometry  and  Raman  spectroscopy.  The  chemical  studies  were  done  using  RBS 
technique.  Spectroscopic  ellipsometry  (SE)  has  been  combined  with  the  previous  techniques 
to  resolve  the  film  microstructure  and  composition.  In  particular,  while  XRD,  Raman  and 
RBS  give  averaged  information  on  the  crystallinity  and  films  composition,  successful 
supplementation  by  SE  helps  to  resolve  the  films  “anatomy”.  Thus,  the  distribution  along  the 
film  thickness  of  the  volume  fractions  of  nanocrystalline/amorphous  silicon  and  SiOx  phases 
has  been  obtained.  The  effect  of  electric  field  applied  during  the  growth  on  the  crystal  strain 
in  films  will  be  discussed  based  on  the  Raman  scattering  spectroscopy  data. 

Efficient  photoluminescence  has  been  observed  in  grown  structures  in  both  visible  and 
1.54pm  wavelength  regions,  but  the  presence  simultaneously  of  these  two  PL  components,  as 
determined  and  confirmed  by  TEM  analysis,  strongly  depends  on  Si  nanocrystals  distribution 
in  films.  In  this  contribution  we  will  discuss  the  Er-related  photoluminescence  as  a  function  of 
the  samples  microstructure  and  strain  effects.  The  luminescence  analysis  will  be 
accomplished  by  the  time  resolved  spectroscopy  data  obtained  for  the  first  time  in  these 
structures. 
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CONTROL  OF  NANOSIZE  APERTURE  USING  PHYSICAL  VAPOR 
DEPOSITION  FOR  NSOM  APPLICATION 
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(2)  Department  of  Nanoscience,  Sungkyunkwan  University, 

Suwon,  Kyung  Gi  Do,  Korea. 

(3)  Department  of  mechanical  Engineering,  Myoung  Gi  University 
Yongin,  Kyung  Gi  do,  Korea 

*E-mail  address:  sscphy@ernail.sunmoon.ac.kr.  sscphv@empal.com 

The  subwavelength  size  silicon  oxide  aperture  array  as  nearfield  optical  probe  was 
successfully  fabricated  using  semiconductor  microfabrication  techniques  including 
anisotropic  TMAH  wet  etching  followed  by  stress-dependent  oxidation  and  isotropic  water- 
diluted  HF  solution.  [1,2]  Initially,  the  (5  x  5)  Dm2  size  patterns  were  fabricated  on  the 
silicon  wafer  followed  by  V-groove  formation  using  alkaline  solution  Si  bulk 
micromachining.  The  nanosize  silicon  oxide  aperture  array  was  revealed  after  the  water 
diluted  HF  acid  etching.  The  nano-size  opening  was  carefully  controlled  with  various  water- 
diluted  HF  acid  solution.  The  opening  rate  was  varied  from  22  nm/min  to  28  nm/min.  The 
oxide  thickness  at  the  apex  of  the  oxide  pyramid  was  estimated  to  97  nm.  This  proves  to  be 
quite  agreeable  to  the  previous  measurements  by  scanning  electron  microscopy.  Finally,  the 
A1  thin  metal  film  was  coated  on  the  nanosize  oxide  pyramid  aperture.  The  diameters  of  the 
metal  apertures  less  than  100  nm  were  formed  using  thermal  evaporator  deposition 
techniques.  In  order  to  better  control  the  diameter  of  the  oxide  aperture,  the  deposition  of 
Al/Ti  thin  films  followed  by  reflow  process  will  also  be  performed. 


[1]  S.S.  Choi,  M.  Y.  Jung,  D.  W.  Kim,  J.W.  Kim,  J.H.  Boo,  J.  Vac.  Sci.  Technol.  B21, 
118(2003). 
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MODELING  OF  THERMAL  MAGNETISATION  DECAY  IN 
NANOSTRUCTURED  MATERIALS  FOR  MAGNETIC  RECORDING 

APPLICATIONS 
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One  of  the  major  limitations  of  the  current  magnetic  recording  media  is  the 
superparamagnetic  effect1*.  The  constant  increase  of  the  recording  density  has  lead  to  the 
situation  when  the  grain  size  of  the  nanostructured  conventional  Co-based  media  is  so 
small  that  its  magnetization  is  unstable  versus  the  thermal  fluctuations.  This  has 
stimulated  many  researchers  to  search  for  alternative  media  among  which  one  could 
mention  perpendicular  recording  media,  ac-coupled  media  or  patterned  media.  Some  hope 
is  also  related  to  recently  discovered  self-organized  FePt  particle  arrays2*.  One  of  the 
major  techniques  which  could  help  to  predict  the  thermal  stability  is  the  use  of  numerical 
techniques.  Recently3*,  we  have  developed  a  numerical  method  capable  to  calculate  long¬ 
time  thermal  magnetisation  decay  in  a  fully  interacting  system.  Unlike  many  previously 
used  method,  it  relies  on  the  calculation  of  energy  barriers  separating  different 
magnetisation  states  in  a  multidimensional  space.  Therefore,  both  magnetostatic  and 
exchange  magnetic  interactions  could  be  taken  into  account  in  a  full  manner  and  their 
influence  on  thermal  magnetisation  stability  could  be  predicted.  Metropolis  Monte  Carlo 
algorithm  is  used  to  define  magnetisation  pathes  in  a  multidimensional  space  along 
which  the  energy  barriers  are  determined.  Consequent  kinetic  Monte  Carlo  algorithm 
samples  the  possible  choise  of  the  magnetisation  trajectories. 

We  report  the  calculations  of  thermal  stability  in  several  model  nanostructured  systems 
simulating  a)  conventional  longitudinal  recording  media.b)  perpendicular  media  c)  FePt 
particles  arrays,  with  regular  and  post-annealed  structures.  Our  main  goal  is  to  predict  the 
influence  of  the  interactions,  mainly  exchange  on  the  thermal  magnetisation  decay. 
Traditionally,  the  exchange  interactions  are  thought  to  deteriorate  initially  the  signal-to- 
noise  ratio,  so  that  the  conventional  longitudinal  media  consists  of  columnar  isolated  Co 
grains  with  segregation  of  Cr  which  produces  their  isolation.  The  exchange  interactions 
could  possibly  enforce  the  thermal  stability,  coupling  the  small  grains  together  to  produce 
a  larger  barrier  for  magnetisation  reversal.  Our  results  show  that  the  untextured 
conventional  longitudinal  recording  media  is  initially  more  stable  in  the  presence  of 
exchange  interactions.  At  the  same  time,  once  started,  the  magnetisation  decay  is  faster. 
In  the  perpendicular  recording  media,  which  is  highly  textured,  some  stability  may  be 
achieved  in  the  presence  of  exchange. 

1)  D.  Weller  and  A.Moser,  IEEE  Trans  Magn  35  (1999)  4423 

2)  S.Sun,  C.B. Murray,  D.  Weller,  L.Folks  and  A.Moser,  Science  287  (2000)  1989 

3)  O.Chubykalo  and  R.W.Chantrell,  to  be  published 
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PROPERTIES  OF  ZnO  THIN  FILMS  GROWN  BY  USING  A 
CHEMICAL  SOLUTION  DEPOSITION  PROCESS 

Gabriela  Ciobanu.  Gabriela  Carja 

The  “Gh.  Asachi”  Technical  University,  Faculty  of  Industrial  Chemistry, 

Bd.  D.  Mangeron  71,  6600,  Ia§i,  Romania 

E-mail:  gciobanu03@vahoo.co.uk 

Transparent  conductive  oxide  films  that  are  both  transparent  in  the  visible  region  and 
electrically  conducting  have  been  studied  widely  in  the  last  years  as  a  results  of  their  extensive 
applications  in  optoelectronic  devices.  This  includes  energy  efficient  windows,  burglar  alarms 
and  windows  heaters,  as  well  as  electrodes  for  solar  cells  and  especially  for  flat  panel  display 
such  as  liquid  crystal  displays,  plasma  display  panels,  field  emission,  etc  [1]. 

Zinc  oxide  has  been  receiving  much  attention  in  recent  years  due  to  its  many  technological 
applications.  The  optical  transmittance  of  ZnO  thin  films  in  the  UV,  VIS  and  NIR  ranges  and 
electrical  conductivity  are  both  shown  to  be  high  [2].  Consequently,  these  films  have  a  wide 
variety  of  applications,  such  as  surface  acoustic  wave,  bandpass  filters,  optical  waveguides, 
and  laser  deflectors  using  piezoelectric  or  piezooptic  [3,4],  Also,  they  are  used  as  transparent 
conducting  oxide  coatings,  gas  sensors  and  varistors  [5]. 

Thin  granular  ZnO  films  can  be  produced  through  various  physical  and  chemical  methods,  as 
it  follows:  the  chemical  precipitation  in  streams  at  air  pressure,  the  chemical  precipitation 
from  stream  at  low  pressure  of  the  organo-mettallic  compounds,  the  reactive  precipitation 
with  ionic  beam,  the  reactive  thermal  evaporation,  cathodic  spraying  of  magnetron  type  in 
continuos  or  alternative  current,  cathodic  microwave  spraying,  deposition  through  shock 
waves  in  conic  configuration,  cyclotronic  resonance  of  electrons  in  oxygen  plasma  etc  [6-9]. 

There  is  growing  interest  in  developing  techniques  for  preparing  ultrathin  semiconductor 
nanoparticle  films.  This  work  is  motivated  by  the  size-dependent  electronic  and  optical 
properties  of  semiconductors,  which  lead  to  a  range  of  potential  applications  in  electronic  and 
optoelectronic  devices,  solar  cells,  photoelectrodes,  photocatalysts,  and  sensors.  The  wet 
chemical  syntheses  of  ultrathin  semiconductor  films  represent  a  simple  and  inexpensive 
alternative  to  more  technologically  demanding  chemical  vapor  deposition  and  physical 
techniques.  The  precise  control  of  film  thickness,  crystallinity,  and  morphology  are  significant 
problems  to  be  overcome  in  wet  chemical  synthesis. 

This  paper  presents  a  chemical  method  for  production  of  thin  granular  ZnO  films  through 
chemical  precipitation  technique.  The  method  consists  in  obtaining  thin  granular  ZnO  film 
(about  300-500  nm  in  thickness)  by  thermal  decomposition  of  zinc  hydroxide,  Zn(OH)2,  the  s- 
orthorhombic  form,  formed  as  a  consequence  of  precipitating  from  alkaline  solution  of  zinc 
acetate,  in  presence  of  ethylenediamine  on  a  solid  support  (glass,  i.e.).  Utilization  of  this 
method  implies  investment  economies,  simplicity  as  work  technique  and  the  final  production 
of  some  good  quality  thin  ZnO  films  with  many  practical  applications. 

The  ZnO  films  were  characterized  for  surface  morphology  and  crystallinity  by  scanning 
electron  microscopy  (SEM)  and  x-ray  diffractometry  (XRD),  respectively.  Optical 
transmission  through  the  films  was  measured  in  the  wavelength  range  300-1000  nm  by  means 
of  a  spectrophotometer.  The  optical  energy  gap  was  estimated  by  extrapolating  the  square  of 
the  absorption  coefficient  versus  the  wavelength  energy.  The  electrical  conductivity  was 
measured  by  the  van  der  Fauw  method. 
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The  SEM  micrographs  (Fig.  1 )  of  the  ZnO  samples  reveal  existence  of  regular-shaped  crystals 
(i.e.,  “coral”  shaped  crystals  with  rotation  elements  that  develop  themselves  from  a  central 
spherical  nucleus)  about  0.28-0.83  fim. 

The  XRD  patterns  for  the  pure  ZnO  samples  points  out  only  the  reflection  maximum 
characteristic  to  ZnO.  X-ray  diffraction  analysis  indicates  that  the  crystallites  of  ZnO  films  are 
preferentially  oriented  along  the  c-axis,  [002]  direction  of  the  hexagonal  crystal  structure. 

The  ZnO  thin  films  are  transparent  (90  %  optical  transmittance)  in  the  near  UV,  VIS  and  near 
IR  ranges.  These  films  have  a  band  gap  of  3.20-3.25  eV;  these  values  are  smaller  than  Eg  of 
3.35  eV  found  for  bulk  crystalline  ZnO,  but  are  close  to  another  values  in  literature  for  ZnO 
films.  The  electrical  conductivity  of  ZnO  films  increases  with  film  thickness.  Measurements 
of  the  activation  energy  show  that  ZnO  films  have  one  donor  level  around  50  meV  under  the 
conduction  band  and  another  at  150  meV  below  the  conduction  band. 
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Figures: 


Fig.l.  SEM  micrograph  taken  on  the  surface  of  ZnO  film  prepared  by 
chemical  precipitation  technique 
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MCM-41 
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Current  nanotube  synthesis  methods  produce  nanotubes  of  a  wide  range  of  sozes  and 
structures.  Separation  of  the  desired  tubes  from  a  complex  mixture,  followed  by  alignment  is 
required  for  their  use  in  electronic  applications.  An  important  development  is  the  use  of 
zeolite  channels  as  templates  to  synthesize  uniform  SWNT  [1-3].  An  intriguing  finding  from 
this  zeolite  work  is  that  interactions  with  the  channel  walls  during  nanotube  formation  were 
observed  to  lead  to  selection  of  a  particular  nanotube  form  [3].  This  is  extremely  important  if 
control  could  be  achieved  for  a  range  of  diameters.  Zeolites,  however,  are  not  an  ideal  choice 
for  a  SWNT  template  because  of  their  lack  of  pore  size  flexibility.  The  ideal  template  material 
should  allow  control  of  both  composition  and  channel  size  because,  if  they  can  be  varied 
independently,  selective  growth  of  specific  forms  of  metallic  or  semiconducting  SWNT  could 
possibly  be  achieved. 

Our  strategy  is  to  synthesize  carbon  nanotubes  inside  the  pores  of  MCM-41  mesoporous 
molecular  sieves  (MPMS)  having  a  parallel  system  of  pores  uniform  in  size  and  structure. 
Transition  metal  catalysts  are  incorporated  into  the  pore  walls  of  the  MPMS  template 
stabilizing  dispersed  catalytic  sites.  MPMS  templates  with  metals  incorporated  in  the 
framework  exhibit  good  structural  stability.  Thus,  a  critical  feature  of  our  work  is  the  ability  to 
control  the  pore  size  and  topology  of  the  MPMS  template  independent  of  its  chemical 
composition.  This  is  important  because  the  proximity/nature  of  nucleation  sites  in  a  pore  may 
affect  carbon  nanotube  structure.  The  catalytic  site  for  carbon  nanotube  synthesis  is  provided 
by  framework  substitution  with  cobalt.  In  the  work  reported  here  carbon  nanotubes  were 
grown  using  CO  disproportionation.  The  results  reported  here  demonstrate  that  aligned, 
uniform  carbon  nanotube  synthesis  can  be  engineered  using  MPMS  templates  with  pore 
diameters  of  2  to  4  nm.  The  optimal  reaction  temperature  was  found  to  be  1025K. 

We  have  used  a  MCM-41  template  substituted  with  Co  (0.66  wt%).  Physisorption  data  was 
collected  on  a  freshly  calcined  sample,  on  the  carbon  loaded  template  and  after  the  carbon  was 
removed.  Pore  spacing  was  determined  by  XRD.  The  pore  size  of  the  catalytic  template  was 
about  2.8  +/-  0.1  nm  (FWHM)  with  a  wall  thickness  of  0.9  nm.  The  template  structure  was 
stable  under  the  reaction  conditions  used  and  the  pore  size  distribution  was  insignificantly 
affected  by  carbon  deposition  and  removal. 

Pretreatment  involving  partial  reduction  was  important  to  good  selectivity.  The  catalyst  was 
exposed  to  pure  hydrogen  during  heating  from  room  temperature  to  775K  at  20K/min  and 
held  at  775K  for  5  minutes.  Subsequently  the  reactor  was  purged  with  Ar  for  30  minutes, 
heated  to  1025K  in  Ar  and  then  exposed  to  pure  CO  flow  for  4  hours.  After  carbon  deposition 
the  catalyst  was  purged  for  1 5  minutes  with  Ar  to  flush  the  remaining  CO  from  the  reactor  and 
then  cooled  in  flowing  Ar  to  room  temperature. 
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Carbon  on  the  samples  was  characterized  by  a  variety  of  techniques  including  nitrogen 
physisorption,  transmission  electron  microscopy  (TEM),  UV-vis,  near-IR  and  Raman 
spectroscopy. 

After  the  reaction  protocol  for  CO  disproportionation  described  above  the  TEM  images 
(Fig.  1),  NIR  and  Raman  (Fig.2)  spectra  indicate  the  presence  of  SWNT  showing  a  narrow 
diameter  distribution.  An  interesting  observation  is  that  SWNT  prepared  and  left  in  the 
template  can  be  directly  analyzed  using  NIR  spectroscopy  in  a  variety  of  configurations 
(diffuse-reflectance  or  transmission),  whereas  standard  purified  samples  obtained  from  other 
sources  could  not  be  identified  likely  due  to  the  high  density  of  defects  and  oxygen 
adsorption.  Raman  spectra  recorded  at  different  excitation  wavelengths  with  samples  before 
any  cleaning  or  purification  showed  almost  no  signal  in  the  D-band  region  characteristic  for 
disordered  carbon,  confirming  the  high  quality  of  the  SWNT  produced. 

The  results  presented  here  suggest  that  MPMS  templates  with  metals  incorporated  in  the 
framework  exhibit  good  structural  stability  and  can  be  used  for  growth  of  ordered  SWNT  of 
uniform  size  and  structure  at  yields  and  selectivity  promising  for  large  scale  applications. 
Synthesis  selectivity  is  enhanced  by  the  partial  reduction  of  the  template  catalyst.  We  will  also 
present  our  most  recent  results  on  the  synthesis  of  pure  boron  nanotubes. 
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Figures: 


Figure  1.  Raman  spectra  recorded  for  unpurified  SWNT 
samples  in  template 


Figure  2.  High  resolution  TEM 
image  of  a  templated  synthesized 
and  purified  SWNT 
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PATTERNING  OF  SOLID  SURFACES  BY  UV  AND  PLASMA  ETCHING 
OF  ALKYL  AND  THIO ALKYL  SILANE  MONOLAYERS  -  AFM, 
CONTACT  ANGLE  AND  SPECTROSCOPIC  STUDIES 

J.  Cohen.  S.  Botbol,  R.  Golan,  J.  Jopp,  Y.  Golan,  S.  Efrima 
The  Ilse  Katz  Center  for  Meso  and  Nano  Scale  Science  and  Technology,  Ben-Gurion 
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Patterning  of  semiconductor,  metal  and  insulator  surfaces  is  of  recent  prime  interest  in  nano¬ 
science  and  technology.  We  present  a  comparative  study  of  the  micro-scale  patterning  of 
GaAs,  glass  and  mica  substrates  by  alkyl-  and  thioalkyl-  silane  monolayers,  using  either  UV 
or  plasma  etching.  In  the  first  step  the  silanes  adsorb  onto  the  initially  oxidized  and 
hydrophilic  surfaces  via  the  silane  group,  probably  with  a  concomitant  lateral  polymerization. 
Then,  under  a  mask,  regions  of  the  monolayer  are  stripped  off  by  ozone  etching,  and  different 
monolayers  are  deposited  in  the  exposed  areas.  Alternatively,  UV  radiation  is  used  to  convert 
the  “dangling”,  moderately  hydrophobic  thiol  groups  (of  the  adsorbed  thioalkylsilanes)  into 
hydrophilic  sulfonate  functionalities  (usually  going  through  an  intermediate  methyl 
thioester).1  Decoration  of  the  thiolated  regions  with  silver  colloids  enables  a  clear  imaging  of 
the  surface  patterns  with  AFM.  Static  and  dynamic  measurements  of  contact  angles  prior  and 
succeeding  the  various  stages  of  treatment,  AFM  force  mapping,  and  XPS  are  utilized  to 
characterize  the  films  and  the  patterns. 

Figure  I  shows  a  force  mapping  (Force  Volume  mode  of  a  Dimension  3100  Digital 
Instruments  Scanning  Probe  Microscope)  of  a  clean  glass  substrate  (contact  angle  -10-20°) 
initially  treated  with  octylsilane  (contact  angle  ~78±2°)  and  then  one  half  was  exposed  to 
ozone  (UVOCS  ozone  cleaning  system)  for  15  min.  The  treated  and  non-treated  areas  clearly 
show  vastly  different  forces,  demonstrating  the  effectiveness  of  the  stripping  by  the  plasma, 
and  the  narrow  transition  region  (~10p.m). 

Treating  glass  with  a  thioalkyl  silane  changes  the  contact  angle  from  10-12°  to  58±5°.  Next 
we  form  the  respective  methyl  ester  by  reaction  with  acetylchloride,  resulting  in  a  contact 
angle  of  67±5°.  Finally,  UV  (254nm)  light  photofragments  the  adsorbed  molecules,  forming 
probably  sulfonates  (contact  angle  30±8°).  The  contact  angles  confirm  the  changes  in  the 
chemical  identity  of  the  exterior  of  the  adsorbed  monolayer. 

Figure  2  shows  the  AFM  image  of  a  mica  substrate  treated  with  thiopropylsilane  onto  which 
silver  colloids  were  deposited.  Even  after  washing  and  treatment  in  an  ultrasonic  cleaner,  the 
~10nm  silver  particles  adhere  to  the  surface,  suggesting  a  strong  bond  to  the  thiol  groups.  This 
demonstrates  that  the  thioalkylsilane  adsorbs  to  the  mica  via  the  silane  group,  leaving  the  thiol 
free  to  react.  Notice  the  better  resolution  observed  in  the  phase  contrast. 

Figure  3  shows  the  same  thiolpropylsilane  treatment  followed  by  silver  colloid  deposition  on 
a  GaAs  substrate.  Once  again  the  silver  particles  seem  to  adsorb  to  the  surface,  indicating  that 
also  for  GaAs  the  adsorption  of  the  thiolpropylsilane  is  most  probably  via  the  silane  group 
(attaching  to  the  native  oxide  on  the  solid).  Treating  GaAs  with  a  thioalkyl  silane  changes  the 
contact  angle  from  10-12°  to  53°.  The  latter  angle  is  the  same  as  that  obtained  on  glass, 
strongly  suggesting  a  similar  structure  of  the  monolayer.  Similarly,  adsorbing  octylsilane  to 
GaAs  gives  a  contact  angle  of  82°,  again  in  good  correspondence  to  the  observation  on  glass. 

In  summary,  we  study  here  various  aspects  of  monolayer  formation  on  GaAs  as  compared  to 
glass  and  mica,  with  the  intention  of  developing  new  patterning  methodologies. 
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Fig.  1.  Force  mapping  of  an  alkylsilanized  glass  after  ozone  treatment  of  the  right  lower  side. 
The  black  line  is  a  free-hand  mark  of  the  transition  region  between  the  plasma-treated  and 
non-treated  sides. 


Fig.  2.  AFM  tapping  mode  image  of  a  thiopropylsilanized  mica  substrate  with  silver  colloids 
deposited  onto  it  (Height  contrast  -  left,  Phase  contrast  -  right).  122nmxl22nm  area. 
Maximum  height  scale  is  5nm. 


Fig.  3.  AFM  tapping  mode  image  of  a  thiopropylsilanized  GaAs  substrate  with  silver  colloids 
deposited  onto  it  (Height  contrast  -  left,  Phase  contrast  -  right).  250nmx250nm  area. 
Maximum  height  scale  is  lOnm. 
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LANGMUIR-SCHAFER  FILMS  OF  BIS  Zn-ETHANE-BRIDGED 
PORPHYRINS  DIMER:  SPECTROSCOPICAL, 
PHOTOCHEMICAL  AND  MORPHOLOGICAL  PROPERTIES 
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The  last  years  have  witnessed  increasing  interest  on  porphyrins  thin  films. 
These  systems  are  indeed  extremely  versatile  for  a  large  variety  of  applications  in 
many  fields  of  technological  interest  encompassing  photoconductors,  optical 
actuators,  switches  and  chemical-sensors  [1]. 

Bis-zinc  ethane-bridged  porphyrin  dimer  (1)  has  showed  unique  temperature  and 
solvent  dependent  syn-anti  conformational  switching  proprieties  in  solution 
[2,3]making  these  compounds  promising  candidates  for  optical  switches  and  sensors 
applications.  In  this  work,  we  report  the  results  of  our  recent  investigation  focused  on 
the  spectroscopic,  photochemical  and  morphological  features  of  Langmuir-Shaefer 
(LS)  films  of  1. 

Thin  films  (1-24  layers)  of  1  have  been  then  transferred  on  solid  surfaces,  by  LS 
method  (horizontal  lifting).  The  combination  of  UV-Vis  spectra  of  these  films  with 
the  limiting  area  extrapolated  by  the  isotherm  curve,  provided  significant  indication 
concerning  the  conformation  adopted  by  1  in  the  films.  Laser  flash  photolysis 
measurements  addressed  to  point  out  the  excited  triplet  state  of  1  did  not  show 
significant  transient  signals.  This  might  be  due  to  rapid  triplet-triplet  annihilation 
processes  that  govern  the  fate  of  the  excited  porphyrins  in  the  closed  packed  LS 
structure.  In  order  to  circumvent  this  problem,  we  moved  to  a  second  strategy  namely 
the  study  of  LS  films  obtained  by  transferring  of  mixed  porphyrin/arachidic  acid 
monolayers.  In  this  case,  we  were  able  to  record  a  transient  spectrum  with  an 
absorption  maximum  centered  at  ca.  500  nm  and  safely  attributable  to  the  triplet  state 
of  1.  The  decay  of  this  species  was  mono-exponential  with  a  rate  constant  kt  = 
1.6x10s  s'1  and  no  new  transient  was  generated  concurrently.  Finally,  the  overall 
spectroscopical  and  photochemical  proprieties  have  been  tentatively  correlated  with 
the  films  morphology  inspected  by  Scanning  Force  Microscopy. 
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Figures: 


Figure  1.  Bis-zinc  ethane-bridged  porphyrin  dimer  (1)  molecular  structure 
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Zeolites  are  silicate  or  aluminosilicate  crystalline  materials  with  a  very  regular  and  microporous 
structure  (pore  size  from  0.3  to  almost  1.2  nm).  During  the  last  50  years,  zeolite  have  found 
massive  industrial  applications  as  adsorbents,  ion  exchangers  and  catalysts.  New  applications  of 
zeolites  and  related  microporous  and  mesoporosus  materials  are  leading  to  new  generations  of 
catalysts  [1],  membranes  [2]  and  membrane  reactors  [3]  and  now,  very  recently,  to  sensors  [4]  and 
reaction  and  separation  microdevices  [5].  On  the  other  hand,  “lab-on-a-chip”  is  becoming  an 
increasingly  familiar  concept  to  express  the  miniaturization  of  chemical,  biological  and 
biomechanical  analyses  [6].  A  lab-on-a-chip  system  can  be  viewed  as  a  scaled-down  analog  of  a 
chemical  processing  plant,  because  many  process  functions  are  similar,  in  which  a  drastic 
reduction  of  reactants  consumption  is  achieved.  The  base  of  the  success  of  such  as  microdevices  is 
the  selectivity  of  the  reaction  and  separation  steps  (and  even  their  integration  in  only  one  step) 
involved  in  a  given  process.  Eventually,  this  means  the  preparation  of  thin  films  or  membranes 
with  the  desired  active  material,  a  zeolite,  for  instance. 

Most  of  the  zeolite  membranes  reported  in  the  literature  are  of  the  MFI  type,  which  include 
silicalite  and  ZSM-5  [2,7].  A  wide  variety  of  synthesis  methods  of  zeolite  layers  have  been 
reported:  mainly,  the  liquid  phase  hydrothermal  synthesis,  the  dry  gel  method  and  the  secondary 
(seeded)  growth.  Even  talking  about  the  same  zeolitic  phase,  the  synthesis  method  and  the 
corresponding  conditions  influence  considerably  on  the  permeation  characteristics  of  the  zeolite 
membranes  obtained.  Also,  it  is  important  the  kind  of  substrate  on  which  the  synthesis  takes  place 
and  the  pretreatments  performed  on  them.  For  instance,  concerning  the  support  it  is  important  its 
chemical  composition  (alumina,  steel,  clay,  glass,  etc.)  and  pore  size  (related  to  its  roughness 
surface):  large  pores  means  an  easier  penetration  of  the  synthesis  solution  into  the  support 
porosity,  while  small  pores  difficult  this  phenomenon  and  the  membrane  is  usually  prepared  as  a 
continuous  zeolite  layer  on  the  support.  Besides,  several  pretreatments  can  be  found  described  in 
the  literature  to  improve  the  result  of  the  zeolite  membrane  preparation:  seeding  the  support  to 
control  the  nucleation  and  growth  processes,  seeding  by  laser  ablation,  masking  the  support  with 
wax  to  protect  it  from  the  synthesis  mixture  and  reduce  its  invasion,  etc. 

In  this  work,  silicalite  micromembranes  were  prepared  on  individual  cylindrical  straight  holes  of 
less  than  100  pm  of  internal  diameter  (see  Figure  1,  top-left)  produced  by  a  niodimium  YAG  laser 
treatment  of  stainless  steel  sheets  with  thickness  ranging  from  20  to  70  pm.  The  zeolite  silicalite, 
with  the  MFI-type  structure,  was  synthesized  in  the  hole  by  liquid  phase  hydrothermal  synthesis. 
The  molar  composition  of  the  precursor  gel  for  the  silicalite  synthesis  was: 
KOH/TPABr/TEOS/H20=  1/1/4.5/1000  [8],  where  TPABr  is  tetrapropylammonium  bromide.  In 
all  the  cases  the  hydrothermal  synthesis  took  place  in  a  Teflon-lined  stainless  steel  autoclave  at 
100-175  °C  for  20-72  h. 

All  the  obtained  samples  were  characterized  by  XRD  showing  that  silicalite  was  the  only 
crystalline  phase  present  in  the  micromembranes  after  the  preparation.  Figure  1  shows  some 
microscopy  images  of  the  silicalite  micromembranes.  Figure  1  top-right  is  a  general  top  view  of 
several  holes  covered  by  zeolite  material.  Bottom-left  optical  microscopy  image  corresponds  to  a 
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70  pm  deep  hole  completely  filled  with  silicalite  crystals,  while  the  SEM  image  from  the  bottom 
right  shows  the  characteristic  morphology  of  intergrowth  silicalite  crystals.  These  crystals,  using  a 
20  pm  deep  hole  and  at  optimised  synthesis  conditions,  have  giving  rise  to  a  thinner 
polycrystalline  membrane.  At  this  moment,  these  micromembranes  are  being  tested  for  the 
separation  of  mixtures  of  butane  isomers. 

Financial  support  from  MCYT  and  DGA,  both  in  SPAIN,  is  gratefully  acknowledged. 
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Figure  1.  Scanning  electronic  and  optical  microscopy  images  of  different  zeolite  micromembrane  samples.  Top 
left,  fresh  support.  Top  right:  top  view  of  the  support  after  the  hydrothermal  synthesis.  Bottom  left  and  right: 
cross  sections. 
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Micromecanical  systems  such  as  microreactors  or  membrane  microseparators  need  to  be 
constituted  by  smart  nanostructured  materials  able  to  interact  very  specifically  with  molecules 
or  even  ions  and  atoms.  Porous  solids,  i.e.,  zeolites  and  related  materials,  are  just  this  kind  of 
materials.  Active  materials  not  only  at  their  surfaces  but  also  through  the  bulk.  The  pores  of 
solids  are  classified  according  to  size:  micropores  (under  2  nm),  mesopores  (in  the  range  of  2 
to  50  nm)  and  macropores  (larger  than  50  nm).  Some  authors  also  distinguish  between 
ultramicropores,  very  close  in  size  to  molecules  (c.  0.7-1  nm),  and  supermicropores  from 
approximately  1  to  2  nm.  Zeolites  are  silicate  or  aluminosilicate  crystalline  materials  with  a 
very  regular  and  microporous  structure  (pore  size  from  0.3  to  almost  1.2  nm).  Molecules 
adsorbed  in  the  intracrystalline  void  space  of  a  zeolite  are  in  strong  van  der  Waals  interaction 
with  their  surroundings,  as  if  they  were  solvated  by  the  microporous  framework.  This  is  what 
Derouane  denominates  the  confinement  effect  [1],  that  also  may  occur  at  the  external  surface 
of  the  zeolite  and  that  responses  from  their  dramatic  impact  as  solid  solvents  in  organic  and 
fine  chemicals  synthesis,  among  other  important  adsorption  properties. 

Traditionally,  zeolites  have  found  industrial  applications  of  paramount  importance  as 
adsorbents,  ion  exchangers  and  catalysts.  New  applications  of  zeolites  and  related  materials 
are  leading  to  new  generations  of  catalysts  [2],  membranes  [3]  and  membrane  reactors  [4], 
and  now,  very  recently,  to  sensors  [5]  and  reaction  and  separation  micromecanical  systems 
[6],  Microsystems  provide  opportunities  to  design  more  efficient  chemical  process,  reducing 
reagents  and  energy  consumption. 

In  this  work  we  present  something  like  a  toll-box  useful  to  produce  new  microsystems  or  to 
modify  existing  ones  incorporating  zeolite  and  related  materials  in  their  formulation: 

1.  Preparation  as  continuous  films  (membranes)  of  several  classical  zeolites  such  as 
silicalite,  ZSM-5,  zeolite  A,  mordenite,  etc. 

2.  Preparation  as  continuous  films  of  other  microporous  materials  such  as 
titanosilicates  (ETS-10  and  some  of  its  isomorphes)  and  AlPOs  or  mesoporous 
materials  such  as  MCM-41  and  MCM-48. 

3.  Synthesis  of  nanocrystals  (60-120  nm)  of  the  zeolites  (mostly  silicalite,  see  Figure 
1,  top-left,  and  zeolite  A)  mentioned  above.  These  nanocrystals  are  useful  as  seeds 
for  producing  zeolite  membranes  or  preparing  coatings  with  them. 

4.  Use  of  supports  with  different  chemical  composition  (alumina,  steel,  clay,  glass, 
etc.),  pore  size  and  geometry  (tubes;  grids,  see  Figure  1,  top-right;  plates;  sheets; 
monoliths,  see  Figure  1,  bottom-left;  hollow  fibers;  etc.). 

5.  Modification  of  the  supports  by  several  techniques  such  as  impregnation  with 
different  materials,  acid  attack,  polishing  with  diamond  powder,  laser  treatments, 
etc. 

6.  Modification  of  the  different  zeolitic  phases  prepared  by  ion-exchange, 
impregnation,  hydrothermal  postreatments,  chemical  vapor  deposition,  etc.  The 
end  of  these  modifications  is  to  increase  the  crystallinity  and  to  adjust  the  pore  size 
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of  the  membranes,  and  thus  their  performance,  and  also  to  modify  their  catalytic 
activities. 

These  techniques  have  been  used  to  produce  membranes  that  separate  in  gas  phase  or  by 
pervaporation  complicated  mixtures  (of  permanents  gases,  isomers,  azeotropic  ones,  etc.),  and 
membrane  reactors  in  which  reaction  and  separation  are  integrated  to  increase  the  yield  of  a 
given  process.  Also,  gas  sensors  based  on  semiconductor  oxides  (Sn02,  see  Figure  I,  bottom- 
right)  have  been  modified  with  zeolites  giving  rise  to  an  increase  of  their  selectivity. 

Financial  support  from  MCYT  and  DGA,  both  in  SPAIN,  and  from  the  European  Community 
is  gratefully  acknowledged. 
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Figure  I.  SEM  images  of  different  zeolite  membrane  samples.  Top  left:  silicalite  nanocrystals.  Top 
right:  detail  of  silicalite  crystals  prepared  on  a  stainless  steel  the  grid.  Bottom  left:  a  film  of  ZMS-5  on 
the  channel  of  a  cordierite  monolith.  Bottom  right:  cross  section  of  a  continuous  layer  of  silicalite 
grown  onaSnO,  film. 
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The  increasing  depletion  of  the  ozone  layer  imposes  the  need  for  tighter  control  of  the  solar  light 
transmission  on  car's  glass  windows.  An  efficient  blocking  of  the  undesired  wavelengths  specially  in  the 
near  ultra  violet  and  infrared,  is  needed.  Physically  Vapour  Deposited  (PVD)  coatings  like  sputter 
deposited  metal  oxide  and  nitride  thin  multilayered  and  graded  ones  are  being  used  for  spectrally 
selective  and  energy-efficient  windows. 

In  this  communication  we  shall  report  on  the  results  of  our  research  on  the  development  of  chromium 
oxide  thin  multilayered  coatings  for  car’  windows  glass.  The  adherence  defects  and  stress  often  derives 
from  irregularities  flaws  defects  and  stress  on  the  glass  where  the  coating  is  deposited  upon.  Furthermore 
the  homogeneity  of  the  coatings  thickness  is  also  important.  Thus  the  thickness  and  topographic 
evaluation  of  the  coating  on  the  glass  and  the  previous  defects’  location  on  the  glass  surface  should  be 
performed.  Furthermore  a  large  array  of  characterization  techniques  of  surface  and  interfaces  using 
advanced  surface  analysis  systems,  such  as  XPS,  AES,  XRD,  SEM;  TEM,  AFM,  STM,  UPS  were 
employed  and  its  results  summarily  presented.  We  will  focus  on  the  roughness  and  microtopographic 
inspection  of  tungsten  oxide  films 

1.  Method 

The  microtopographers  we  used  in  this  work  are  based  on  optical  active  triangulation  with  oblique 
incidence  and  normal  (and  or  specular)  observation,  and  mechanical  sample’s  scanning0’.  The  surface  to 
be  inspected  is  scanned  by  an  oblique  laser  beam.  The  incident  light  is  collimated  and  focused.  A  small, 
diffraction  limited,  bright  spot  is  thus  projected  onto  the  sample.  The  bright  spot  is  perpendicularly  imaged 
onto  an  electronic  photosensitive  detection  system  in  order  to  assess  its  lateral  position.  The  area  of  the 
surface  to  be  inspected  is  scanned  point  by  point  by  the  “sensor’s  tip’’  (the  light  beam  focused  onto  the 
surface).  The  depth  resolution  depends  of  the  system  used  and  on  its  particular  configuration.  The 
MICROTOP.03.MFC0"2’  is  a  robust  and  versatile  system  specially  designed  to  accurately  perform  the 
microtopographic  inspection  of  the  rough  surface  of  small  samples  It  allows  the  inspection  of  a  large 
variety  of  surfaces  with  resolutions  that  can  be  driven  down  to  the  submicron  level  with  dynamic  ranges 
up  to  1:5000  (or  1:25000  with  vertical  scanning).  The  MICROTOP.06.MFC(3>  maintain  the  main 
characteristic  of  its  predecessor  gaining  an  increased  versatility  with  the  incorporation  of  a  second 
specular  reflection  arm.  Now  height  measures  on  mirror  like  surfaces  or  optically  non-rough  surfaces,  can 
be  performed  with  accuracy  in  the  nanometer  range  and  resolution  in  the  sub-nanometer  range  with 
dynamic  ranges  up  to  1 : 10000  with  proper  vibration  isolation.  The  inspection  of  a  number  of  thin  films  and 
coatings  is  then  possible  with  good  resolution  and  reliability. 

Figure  1. 


Figure  1.  The  MICROTOP. 06.MFC:  1.  light  sources;  2:  Vibration  isolation;  3.  Neutral  filter;  4.  Beam 
steering;  5.  Incidence  angle  control;  6.  Incidence  optics;  7.  Normal  observation  optics;  8.  and  9.  Beam 
splitters;  10.  Interference  filter;  11.  Detection  system;  12.  Photodetector;  13.  Video  camera  and 
illuminator;  14.  Specular  observation  optics;  15.  Interference  filter;  16.  Specular  detection  system  17. 
Positioning  system;  18.  Data  acquisition  and  control  system;  19.  Microcomputer. 

2.  Results  and  discussion 

A  series  of  tungsten  oxide  coatings  for  intelligent  glass  windows  were  produced  in  our  magnetron 
sputtering  chamber  with  different  stechiometry  and  deposition  conditions(5).  Several  other  types  of 
electrochromic  films  were  also  produced(6).  As  an  example  we  will  present  a  few  results  of  the  evaluation 
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SPATIAL  FIELD  AND  INTENSITY  CORRELATIONS 
IN  QUASI-ONE-DIMENSIONAL  WIRES 

Gabriel  Cwilich(l)  -  Luis  S.  Froufe-Perez(2)  -  Juan  Jose  Saenz(2) 
Department  of  Physics  -  Yeshiva  University, 

2495  Amsterdam  Ave.  New  York,  NY,  10033  USA(I) 
Departamento  de  Fisica  de  la  Materia  Condensada, 
Universidad  Autonoma  de  Madrid,  28049  Madrid,  Spain(2) 
E-mail:  cwilich@ymail.yu.edu ,  iuanio.saenz@uam.es 


When  studying  the  speckle  pattern  of  a  wave  propagating  coherently  through  a  disordered 
medium,  the  correlations  between  the  transport  coefficients  leads  to  long-range  effects  that 
appear  in  the  intensity-intensity  correlations.  The  different  contributions  to  these  effects  have 
been  studied  both  diagrammatically(l)  and  in  a  macroscopic  approach(2)  and  are  generally 
referred  as  the  Cu  C2  and  C3  contributions. 

Recently  the  intensity  correlations  in  a  random  system  have  been  studied  experimentally  very 
carefully  in  the  spatial  domain,  in  the  microwave  regime,  in  a  quasi  one-dimensional 
geometry  in  the  diffusive  regime(3).  They  show  interesting  symmetries  between  the  roles  of 
sources  and  detectors,  and  they  find  that  all  contributions  can  be  expressed  in  terms  of  a  single 
function,  the  field-field  correlation. 

In  this  work  we  show  that  their  results  for  the  correlations  can  be  obtained  within  the  general 
macroscopic  framework  of  Random  Matrix  Theory  (RMT)  applied  to  coherent  transport  in 
quasi  one-dimensional  cavities.  We  will  show  that  the  structure  of  the  correlations  follows 
from  the  isotropy  hypothesis  of  the  statistical  distribution  of  the  transmission  eigenvalues, 
which  in  RMT  is  shown  to  be  independent  of  the  specific  transport  regime  of  the  sample.  That 
extends  the  range  of  validity  of  the  results  obtained(3)  beyond  the  diffusive  regime. 
Furthermore  we  can  show  that  the  source-detector  symmetries  arise  as  a  natural  consequence 
of  general  properties  of  the  eigenfunctions  corresponding  to  the  geometry  of  any  propagating 
cavity.  All  their  experimental  results  can  be  recovered  in  the  !arge-N  (number  of  propagating 
channels)  limit. 

Recent  calculations  obtained  in  this  framework  of  the  correlations  between  the  channels  for 
systems  of  small  length(4)  allow  us  to  make  predictions  on  the  behavior  of  the  spatial 
intensity  correlations  as  a  function  of  the  size  of  the  system. 
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STRONG  MAGNETOELASTIC  CONTRIBUTION  TO  THE 
MAGNETOCRYSTALLINE  ANISOTROPY  IN  A  (110)  TERFENOL-D 

THIN  FILM 

L.  Benito*,  J.  I.  Arnaudas*,  C.  de  la  Fuente*.  M.  Ciria*,  C.  Dufour+,  K.  Dumesnif  and  A.  del 

Moral* 

*Depto.  de  Fisica  de  la  Materia  Condensada  -  Instituto  de  Nanociencia  de  Aragon  &  Institute 
de  Ciencia  de  Materiales  de  Aragon,  Universidad  de  Zaragoza  &  CS1C,  E-50071  Zaragoza, 
Spain;  +  Laboratoire  de  Physique  des  Materiaux  (UMR  CNRS  7556),  University  H.  Poincare  - 
Nancy  I,  BP  239,  F-54506  Vandoeuvre  cedex,  France 
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The  bulk  alloy  (Tbo.27Dyo  73)Fe2  (Terfenol-D)  has  been  widely  studied  due  to  its  remarkable 
magneto-mechanical  properties  at  room  temperature  (RT).  On  decreasing  the  temperature, 
Terfenol-D  undergoes  a  spin  reorientation  transition,  the  easy  axis  changing  from  <1 1 1>, 
above  250  K,  to  <100>  at  low  temperatures  [1  U.  Atzmony  et  al.  Phys.  Rev.  B  7  (1973)  4220]. 
The  molecular-beam  epitaxy  technique  has  allowed  the  growth  of  epitaxial  Terfenol-D  thin 
films  [2],  opening  the  possibility  of  studying  the  influence  of  factors  like  stress,  thickness, 
growing  conditions,  etc.,  in  the  magnetic  behaviour  of  these  systems  [3  PRB  Mougin], 

In  this  work  we  present  magnetic  anisotropy  measurements  performed  in  a  (1 10)  Terfenol-D 
film,  600  A  thick,  epitaxially  grown  on  a  sapphire  substrate.  The  magnetic  torque  curves  have 
been  determined  by  using  a  vibrating  sample  magnetometer,  which  allows  us  to  measure  the 
angular  dependence  of  both,  the  parallel,  Mu,  and  perpendicular  to  the  applied  field.  Mi, 
components  of  the  total  magnetization,  M,  up  to  2  Tesla  (notice  that  the  torque  exerted  on  the 
sample  by  the  magnetic  field  is  x  =  |MxB|  =  MBsina  =  MiB,  where  Mi=  Msina,  with  a  the 
angle  between  M  and  B).  In  Fig.  1  we  show  the  magnetic  torque  at  B  =  2  T,  at  RT,  as  a 
function  of  the  angle,  0,  between  M  and  a  reference  direction  in  the  crystal.  The  fourfold 
symmetry,  associated  with  the  cubic  structure  within  the  (110)  plane,  is  clearly  observed.  To 
investigate  the  spin  reorientation  we  have  also  performed  a  torque  measurement  at  140  K, 
where  a  reorientation  of  ~  15°  of  the  easy  axis  direction  is  apparent. 

The  analysis  of  the  experimental  torque  curves  has  been  carried  out  considering 
magnetocrystalline  anisotropy  up  to  eight  order  and  the  magnetoelastic  energy  up  to  second 
order.  We  have  used  the  experimental  magnetoelastic  coupling  parameters  earlier  obtained  for 
this  sample  [4]  and  the  epitaxial  strains  measured  at  zero  field  [3  ???] 

It  is  now  accepted  that  Nanotechnology  is  one  of  the  key  enabling  technologies  for  sustainable 
and  competitive  growth  in  Europe.  Nanoelectronics  is  certainly  now  the  branch  with  the  most  _ 
significant  commercial  impact  and  covers  a  huge  range  of  interdisciplinary  areas  of  research 
and  development  such  as  Molecular  electronics,  Bioelectronics,  Spintronics,  Nanoimprint, 
Nanoscale  Optics,  Lithography,  Architecture,  Nanoprobes,  etc. ..It  is  also  accepted  that  a 
significant  investment  will  be  required  to  ensure  Europe's  competitiveness  in  nanotechnology. 

At  this  stage,  it  is  impossible  to  predict  the  exact  course  the  nanoelectronics  revolution  will 
take  and,  therefore,  its  effect  on  our  daily  lives.  We  can,  however,  be  reasonably  sure  that 
Nanotechnology  will  have  a  profound  impact  on  the  future  development  of  many  commercial 
sectors.  The  impact  will  likely  be  greatest  in  the  electronics  sector,  where  the  demand  for 
technologies  permitting  faster  processing  of  data  at  lower  costs  will  remain  undiminished. 
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STRUCTURAL  ANOMALY  AND  GIANT  MAGNETORESISTANCE 
IN  Co/Ag  DISCONTINUOUS  MULTILAYERS 

J.  A.  de  Toro.  J.  P.  Andres,  A.  J.  Barbero  and  J.  M.  Riveiro 

Departamento  de  Ftsica  Aplicada,  Universidad  de  Castilla-La  Mancha, 

1307]  Ciudad  Real,  Spain 
E-mail:  ioseangel.toro@uclm.es 


A  convenient  procedure  to  obtain  magnetic  nanogranular  materials  is  the 
synthesis  of  the  so-called  discontinuous  multilayers ,  where  the  nominal  thickness  of  the 
deposited  magnetic  layer  is  not  high  enough  to  yield  a  true  continous  layer.  The  size  of 
the  nanoparticles  is  usually  controlled  through  the  variation  of  the  nominal  thickness  of 
the  magnetic  element  [1],  In  this  work,  however,  the  giant  magnetoresistance  effect  has 
been  optimized  through  the  variation  of  the  non-magnetic  layer  thickness,  which  has 
been  used  before  as  a  mean  to  tune  the  interaction  between  layers  of  nanoparticles  of  a 
certain  size  [2], 

Silver  and  cobalt  are  a  common  choice  in  the  fabrication  of  granular  structures 
due  to  their  marked  inmiscibility  [3J.  The  multilayer  series  [AgN/Co3]2oo,  for  ranging 
from  3  to  100  A,  has  been  grown  using  a  magnetron  RF  sputtering  and  high  purity 
targets.  The  nominal  thickness  of  the  Co  layers  was  fixed  to  tCo  =  3  in  order  to  ensure 
their  granular  character  even  for  relatively  thin  Ag  layers.  The  variation  of  rAg  was  seen 
to  affect  significantly  the  size  of  the  Co  nanoparticles  (estimated  from  fits  of  the 
magnetisation  to  the  Langevin  function)  all  along  the  studied  jc  interval. 

Figure  1  shows  the  magnetoresistance  loops  at  room  temperature  of  a  few 
selected  samples.  A  maximum  GMR  as  high  as  13.8  %,  at  15  kOe,  was  measured  in  a 
sample  with  x  =  12  A.  The  fit  to  the  Langevin  function  of  its  magnetisation  yielded  a 
mean  magnetic  moment  of  4700  pe-  Larger  particles,  obtained  for  thinner  Ag  layers, 
resulted  in  a  decreased  GMR  due  to  interparticle  interactions. 

The  intergranular  interactions  were  studied  by  two  methods:  the  usual  plot  of 
magnetoresistence  as  a  function  of  reduced  magnetisation,  and  the  measurement  of  the 
temperature  dependence  of  the  field  cooled  (FC)  and  zero-field  cooled  (ZFC) 
magnetisation.  Both  analysis  yielded  consistent  results.  The  samples  with  the  highest 
interactions  exhibited  typical  spin-glass  features,  like  a  plateau-like  FC  curve  below  the 
maximum  of  the  ZFC  branch,  as  expected  from  some  recent  reports  on  superspin 
glasses  in  discontinous  multilayers  [4], 

The  silver  layers  were  highly  textured  in  the  [111]  direction.  Figure  2  shows 
their  lattice  parameter  as  a  function  of  the  layer  thickness.  The  existence  of  two  regimes 
in  the  evolution  of  the  lattice  parameter  towards  the  bulk  value  can  be  easily  noticed. 
The  change  of  slope  between  these  two  regimes  is  accompanied  by  a  strong  anomaly 
detected  in  various  samples  of  the  batch  [Agi2/Co3]200  (Fig.  2  shows  two  of  them).  The 
interest  of  this  anomaly  is  twofold,  for  the  samples  where  it  occurs  are  precisely  those 
exhibiting  the  highest  GMR  in  all  the  series. 
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Figures: 


Fig-L-  Lattice  parameter  obtained  from  the  (1 1 1)  reflexion  of  f.c.c.  Ag  as  a  function  of 
the  layer  thickness.  The  dashed  line  marks  the  bulk  value. 


Fig.  2.-  Magnetoresistance  loops  at  room  temperature  for  selected  Ag  layer  thicknesses. 
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INFLUENCE  OF  DIFFERENT  METALS  ADDITION  ON 
NANOCRYSTALLINE  MGH2  SYNTHESIZED  BY  REACTIVE 
MECHANICAL  MILLING  UNDER  H2  ATMOSPHERE 

S.  Doppiu,  P.  Solsona,  T.  Spassov*,  S.  Surinach  and  M.D.  Baro 

Departament  de  Fisica,  Universitat  Autonoma  de  Barcelona,  08193 
Bellaterra,  Spain. 
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Hydrogen  conversion  technologies  have  been  developed  during  the  last  years,  in 
order  to  use  hydrogen  as  alternative  energy  to  the  conventional  fuels.  Hydrogen  as  an 
energy  currency  is  environmentally  compatible,  since  its  production  from  electricity  (or 
directly  from  solar  energy),  its  storage  and  transportation,  and  its  end  use  do  not 
produce  any  pollutants  (except  some  NOx  if  hydrogen  is  burned  in  air).  However, 
hydrogen  storage  remains  an  open  problem  for  its  possible  use  like  fuel  especially  in  the 
automotive  industries.  In  the  last  years,  the  possibility  to  store  hydrogen  in  various 
materials  was  extensively  studied  (1-3).  Among  them,  MgH2  is  considered  as  one  of  the 
most  promising  candidates,  because  of  its  light  weight,  the  high  amount  of  H2  that  can 
be  stored  (7.6wt.%),  its  low  cost  and  abundance  on  the  earth.  Nevertheless,  the  high 
decomposition  temperature  and  the  slow  hydrogen  absorption-desorption  kinetics,  are 
limiting  factor  for  industrial  applications.  In  order  to  improve  the  hydriding-dehydriding 
kinetics,  a  large  number  of  investigation  were  focused  towards  the  preparation  of 
nanocomposites  based  on  MgH?  with  an  absorption  capacity  close  to  that  of  pure 
magnesium  (4). 

In  this  study,  the  synthesis  of  nanocrystalline  MgH2  was  performed  by  reactive 
ball  milling  under  H2  atmosphere.  The  effect  of  different  metals  addition  (Ni,  Al)  was  as 
well  investigated.  Milling  was  carried  out  with  a  planetary  mill  (Frtch  P5)  using 
stainless  steels  balls  and  vials,  under  6  bars  of  H2.  The  sample  thermostability  was 
studied  by  means  of  differential  scanning  calorimetry  (DSC)  and  thermo-gravimetry 
(TG)  analysis.  The  samples  obtained  were  also  characterized  by  X-ray  diffraction 
analysis  (XRD),  using  Cu-Ka  radiation.  From  the  diffraction  patterns,  microstructural 
parameters,  as  crystallite  sizes  and  microstrain,  and  phase  percentages  were  evaluated 
by  means  of  Rietveld  full  profile-fitting  procedure  (5).  Three  different  compositions 
were  studied,  Mg,  Mg877Niii.3  and  MgszNiioAb.  Milling  under  H2  induces  gradual 
conversion  of  Mg  in  nanocrystalline  MgH2  with  crystallite  sizes  around  6nm.  In  Figure 
1  are  reported  the  diffraction  patterns  together  with  the  calculated  profiles  for  the  three 
compositions. 

Interestingly,  no  formation  of  mixed  hydrides  was  detected  during  milling.  It  is 
worth  to  note  that  no  formation  of  mixed  hydrides  was  detected  during  milling,  only 
when  almost  complete  transformation  of  Mg  in  MgH2  is  obtained,  Ni  starts  to  react 
forming  Mg2NiH4. 

In  Figure  2  the  DSC  traces  of  the  three  samples  are  presented.  It  can  be  observed 
that  addition  of  Ni  and  Al  strongly  influences  the  desorption  kinetic.  Indeed,  the 
decomposition  temperature  considerably  decreases  when  in  the  mixture  are  added  Al 
and/or  Ni. 

In  conclusion,  the  addition  of  Ni  and  Al  into  MgH2  nanoparticles  plays  a  key 
role  in  the  hydrogen  desorption.  This  study  provides  promising  results  for  the  hydrogen 
storage  industry  since  the  inclusion  of  these  two  elements  was  found  to  lower  the 
temperature  at  which  occurs  the  desorption. 
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Figure  I.  X-ray  patterns  (line)  and 
calculated  profiles  (V),  of  the 
samples  Mg,  Mgs77NiM 
Mgii7Ni||,Ali  milled  under  H> 
atmosphere  Differences  between 
experimental  and  reconstructed 
patterns  were  also  included. 
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Figure  2.  DSC  traces  of  the 
samples  Mg  (line), 
Mgx77Nin -ddotted  line)  and 
Mgx7Ni|0Alj  (dashed  line). 
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FABRICATION  OF  SIZE-TUNABLE  AND  SHAPE- 
CONTROLLED  HIGH  QUALITY  FLUORESCING  METAL 
SULFIDE  QUANTUM-DOT  NANOPARTICLES 
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We  synthesize  shape  and  size  controlled  high  quality  semiconductor  metal  sulfide 
quantum  dots  in  a  single-pot  and  single-source  approach  using  various  metal  alkyl 
salts  of  xanthates,  thiocarbamates,  and  thiocarbonates.  The  method  is  a  simple  and 
convenient  approach  for  the  synthesis  of  crystalline,  nearly  mono-dispersed  particles 
(Fig.  1)  using  low  temperatures  (70°C  to  150°C),  in  a  way  that  is  insensitive  to  air 
(oxygen  and  humidity).  We  also  extended  our  method  to  the  synthesis  of  core/shell 
CdS/ZnS  and  ZnS/CdS  particles  under  simple  and  mild  conditions.  The  CdS  and 
CdS/ZnS  particles  exhibit  a  narrow  (30-40nm)  excitonic  photoluminescence  (Fig.  2). 
All  the  emission  and  absorption  peaks  are  tunable  (by  varying  the  size  of  the  particles) 
with  a  change  of  reaction  temperature,  the  concentration  and/or  the  reaction  time.  A 
unique  special  extremely  narrow  (FWHM  =  lOnm)  intense  emission  peak  was 
observed  for  a  stepwise  synthesis  of  ZnS/CdS  particles  (Fig.  3).  We  also  produce  CdS 
particles  of  different  shapes  (spherical,  elliptical  and  rods)  using  the  same  precursor 
but  changing  the  reaction  parameters  and  precursor  concentration.  Highly  ordered 
ZnS  nanowires  with  and  without  coating  of  CdS  were  fabricated  using  the  same 
synthesis  procedure  but  with  increasing  annealing  time  and  at  a  high  reaction 
temperature  (~200°C).  All  these  semiconductor  nano  materials  were  prepared  using 
alkyl  amine  as  the  solvent  as  well  as  the  capping  agent.  The  high-luminescence 
particles  are  tested  for  imaging  applications  by  comparing  to  green  fluorescent  protein 
in  embryo  cells. 
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Fig.  1  -  TEM  micrograph  of  CdS  particles. 
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Fig.  2  -  Photoluminescence  of  core-shellCdS- 
ZnS  particles.  Curve  ‘a’  is  the  PL  spectrum  for 
bare  CdS  and  curve  ‘c!  is  that  for  ZnS  shelled 
particles.  Curve  ‘b’  is  for  a  partially  shelled 
sample.  Inset  -  Amplified  broad  band 
emission. 


Fig.  3  -  PL  spectra  of  the  extremely  narrow 
band  emission  at  380nm  for  ZnS-CdS 
particles. 


Fig.  4  -  TEM  micrographs  of  ZnS  (and  CdS)  nanowires  (1 .2nm  width). 
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The  mechanical  properties  of  new  hard  coatings  based  on  a  multilayer  structure  have 
been  investigated  at  the  nanometer  scale.  Multilayer  coatings  have  been  intensively 
studied  in  the  last  years  to  enhance  tribological  performance  of  the  coatings.  Materials 
most  frequently  investigated  are  compounds  of  Ti  (CN/TiN,  TiCN/TiN,  TiC/TiN, 
TiN/Ti)  [1-3].  In  this  work  we  have  studied  the  hardness  enhancement  by  depositing  an 
elastic  and  hard  film  (CN)  on  hard  and  brittle  layers  (TiCN,  TiN). 

The  multilayer  structures  of  CN/TiCN/TiN  on  silicon  substrate  have  been  deposited  by 
dual  ion  beam  sputtering  using  a  combination  of  TiN,  TiC  and  C  targets  and  an  Ar-N2 
mixture  discharge  gas.  Nanomechanical  properties  of  each  layer  have  been  determined 
measuring  nanoindentation,  nanofriction  and  nano-scratching  by  means  atomic  force 
microscopy.  Nanoindentation  and  nanoscratch ing  experiments  were  performed  with 
AFM  using  a  stainless  steel  cantilever  (kc  =265Nm'')  with  a  diamond  tip,  whereas  the 
friction  behaviour  of  each  layer  was  evaluated  taking  AFM  friction  images  of  the 
surface  while  the  normal  force  was  increasing  during  the  scanning.  In  this  last 
experiments  levers  of  smaller  spring  constant  were  used  (kc  =14Nm''  and  kc  =0.25Nnf 

')• 

We  have  found  that  the  hardness  increases  for  each  successive  layer,  while  the  friction 
decreases  in  the  same  way.  Moreover,  the  nanoscracth  measurements  (see  figure)  shows 
a  drastic  increase  of  wear  resistance  for  each  layer. 

All  these  results  indicate  that  the  multilayer  combines  ultrahard  behaviour  with  good 
tribological  and  wear  properties. 
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AFM  images  ( tapping  mode)  of  I  he  CN/TiCN/TiN  mull  i  layer.  Il  is  shown  each  layer,  as  labeled, 
before  (a)  and  after  (b,c)  nano-scratch  tests.  The  tests  were  realized  scanning  in  contact  mode 
an  area  of  Ipmxlpm  with  the  diamond  tip.  a)  surface  as  deposited,  b)  after  scanning  in  contact 
mode  (Load=270/jh),  c)  after  scanning  in  contact  mode  double  time  and  double  loaa 
(Load=540pN). 
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SELECTED  THERMAL  EMISSION  OF  ELECTRONS  FROM 
DIFFERENT  CONFIGURATIONS  IN  InAs/GaAs  QUANTUM  DOTS 

O.  Engstrom.  M.Malmkvist,  Y.Fu*,  H.O.Olafsson  and  E.O.Sveinbjomsson 
Department  of  Microtechnology  and  Nanoscience  (MC2)  and  *Department  of  Physics 
Chalmers  University  ofTechnology,  S-412  96  Goteborg,  Sweden 
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Thermal  emission  of  electrons  from  different  configurations  in  InAs/GaAs  quantum  dots  (QDs)  have 
been  investigated  by  Deep  Level  Transient  Spectroscopy  (DLTS).  The  different  charging  states  of  the 
QDs  can  be  used  to  fill  and  empty  the  QDs  selectively,  thus  making  it  possible  to  obtain  separate 
peaks  in  the  DLTS  spectra  for  different  electron  configurations  and  the  corresponding  activation 
energies.  We  find  that  the  two  s  configurations  have  different  activation  energies  for  electron  emission 
and  assign  this  to  the  spread  in  QD  size  and  not  to  charging  effects. 

Understanding  the  mechanisms  for  thermal  emission  of  charge  carriers  from  QDs  is  important  for  their 
applications  in  lasers,  optical  detectors  or  future  dynamic  memories  and  cellular  automata  devices.  For 
InAs/GaAs  QDs  with  base  and  height  dimensions  of  about  20  nm  and  5  nm,  respectively,  the  electron 
configurations  mainly  includes  an  s  shell  capturing  two  electrons  and  a  p  shell  occupied  by  four 
electrons  with  an  energy  scheme  as  shown  in  Fig.  1.  Investigating  this  system  by  DLTS  requires  that 
the  QDs  are  positioned  in  a  depletion  region  of  a  p-n  junction  or  a  Schottky  diode.  For  such  a  situation 
a  number  of  escape  paths  exist  as  shown  in  the  diagram  of  Fig.l .  Besides  the  direct  emission  from  s  to 
the  GaAs  conduction  band  (CB)  and  a  two-step  excitation  process  from  s  to  p  and  further  to  the  CB, 
also  tunneling  from  s  and  p,  respectively,  to  the  CB  occurs  due  to  the  high  electric  field  in  the 
depletion  region. 

Self  assembled  InAs  QDs  were  prepared  by  MBE  growth  from  a  3.1  ML  thick  InAs 
layer  on  top  of  a  1 .5  pm  thick  GaAs  buffer  layer  on  a  GaAs  substrate  and  with  a  0.5  pm  thick  cap 
layer  of  GaAs.  The  structure  was  finished  by  evaporating  a  gold  contact  as  a  Schottky  barrier  on  the 
cap  surface  and  an  ohmic  contact  on  the  substrate  surface,  respectively. 

As  the  filling  and  emptying  of  electrons  in  the  QDs  depend  on  the  position  of  the  bulk 
Fermi  level  in  relation  to  the  electron  energy  levels  of  the  QDs,  these  processes  can  be  controlled  by 
changing  the  reverse  bias  of  the  depletion  region.  Relative  to  the  bulk  Fermi  level,  the  QDs  with  two  s 
electrons  captured  ( s2 )  will  have  an  energy  higher  than  those  with  one  s  electron  captured  {si)  as  a 
result  of  different  charging  of  the  QDs.  This  makes  it  possible  to  study  the  two  s  electrons  separately 
in  DLTS  without  interference  between  close  lying  DLTS  peaks.  From  capacitance  vs  voltage  data,  we 
find  that  the  QDs  of  the  present  devices  are  completely  emptied  by  electrons  for  reverse  biases 
exceeding  2  V.  Fig.  2  shows  DLTS  spectra  for  a  constant  filling  voltage  of  0.5  V  and  a  varying 
emission  voltage  between  1 .5  and  2.0  V.  At  the  lowest  emission  voltage,  only  s2  leaves  the  QDs  as  si 
stays  below  the  bulk  Fermi  level.  In  Fig.  3,  the  emission  voltage  is  kept  constant  while  the  filling 
voltage  is  varied  in  the  region  0.5  -  1.9  V.  At  the  higher  filling  voltages  only  si  is  captured  and 
emitted  because  the  QD  energy  is  raised  by  the  charge  of  si  so  that  the  energy  level  of  s2  stays  above 
the  bulk  Fermi  level  thus  thwarting  the  capture  of  s2.  Determining  the  activation  energies  by  standard 
method  for  electron  emission  from  the  separated  si  and  s2  spectra  in  Figs.  2  and  3,  respectively,  we 
find  the  values  157  meV  for  the  si  emission  and  120  meV  fors2  from  the  activation  curves,  shown  in 
Fig.  4. 

It  is  readily  shown  by  simple  statistical  arguments  that  the  free  energy  for  emission  of 
the  s  electrons  is  independent  of  the  charging  of  the  QDs.  The  most  probable  cause  of  the  difference  in 
activation  energies  for  the  si  and  s2  emissions  in  Fig.  4,  therefore,  is  that  the  two  curves  represent 
different  parts  of  the  QD  size  distribution.  When  selecting  the  si  emission  by  keeping  the  filling 
voltage  at  a  high  value  (Fig.3),  QDs  with  larger  size  and  lower  electron  eigen  energies  are  favored, 
while  correspondingly,  smaller  QDs  with  higher  eigen  energies  dominate  for  lower  emission  voltages 
when  s2  is  selected  (Fig.  2).  Under  this  condition,  the  selection  method  utilized  in  our  experiments 
gives  an  estimate  of  the  spread  in  activation  energy  within  the  QD  ensemble.  Other  possibilities  for  the 
difference  are  different  temperature  dependences  of  the  electron  capture  cross  sections  or  different 
entropy  properties  for  electron  exchange  of  the  two  electron  configurations. 
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GaAs  conduction  band 


Fig.  1  Energy  level  scheme. 


Tunneling  to  GaAs 
conduction  band 


Fig.  2  DLTS  spectra  for  a  constant  filling  voltage  of 
0.5V  and  emission  voltage  varied  1.5  -  2.0  V.  The 
curve  marked  s2  is  for  1.5  V  emission  voltage  and 
corresponds  to  the  emission  of  only  the  second 
captured  electron.  With  increasing  emission  voltage 
also  the  si  peak  grows  at  70K.  Below  40K  the  p  level 
has  a  peak  that  disappears  for  higher  voltages  due  to 
tunneling. 


Fig.  3  DLTS  spectra  for  a  constant  emission  voltage 
of  2.0  V  and  filling  voltage  varied  0.5  -  1.9  V.  The 
curve  marked  si  is  for  1.9  V  filling  voltage  and 
corresponds  to  the  emission  of  only  the  first  captured 
electron.  With  increasing  filling  voltage  the  s2  peak  at 
58K  decreases.  Pronounced  tunneling  can  be  seen  at 
temperatures  below  about  50K. 
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Fig.  4  Arrhenius  plot  for  the  si  and  s2  thermal 
emission  rates  obtained  by  standard  method  from 
DLTS  spectra.  Energy  values  given  are  the  activation 
energies  obtained  from  the  plots. 
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InP  NANOWIRES  ANS  NANOTUBES 

Louis  F.  Feiner1.  Erik  P.A.M.  Bakkers1,  Marcel  A.  Verheijen1, 

Jorden  A.  van  Dam2,  Silvano  De  Franceschi2,  and  Leo  Kouwenhoven2 

'Philips  Research  Laboratories,  Prof.  Holstlaan  4,  5656  AA  Eindhoven, 

The  Netherlands 

department  of  Nanoscience,  Delft  University  of  Technology,  P.O.Box  5046, 
2000  GA  Delft,  The  Netherlands 

It  is  well  established  that  the  electronic  structure  of  semiconducting  nanowires 
is  determined  by  both  the  chemical  composition  and  the  radial  quantum  confinement, 
the  latter  being  governed  by  the  diameter.  We  demonstrate  that  the  confinement  effect 
in  such  one-dimensional  structures  can  be  enhanced  substantially  in  nanotubes  as 
compared  to  nanowires. 

We  report  the  synthesis  of  optically  active  Indium  Phosphide  (InP)  nanotubes 
[1]  via  the  same  vapor-liquid-solid  (VLS)  growth  mechanism  by  which  crystalline 
nanowires,  showing  excellent  electrical  properties,  are  fabricated.  The  nanotubes  are 
formed  at  higher  temperatures  than  at  which  nanowires  grow,  and  a  simple  model 
explaining  their  formation  is  presented.  The  nanotubes  are  crystalline  and  have  the 
(bulk)  zinc  blende  structure  and  therefore  represent  a  new  class  of  tube  materials.  The 
wall  thickness  can  be  controlled  by  the  synthesis  temperature  and  is  in  the  range  of  2- 
20  nm.  The  tubes  show  photoluminescence,  which  is  considerably  (by  up  to  0.7  eV) 
blue-shifted  with  respect  to  bulk  emission,  indicating  that  the  optical  properties  are 
not  dominated  by  defect  states.  Using  a  simple  effective  mass  model,  we  show  that 
the  blue-shift  is  controlled  by  the  wall-thickness,  explaining  why  the  shift  is 
substantially  larger  than  achievable  in  nanowires. 

[1]  Erik.  P.A.M.  Bakkers  and  Marcel  A.  Verheijen,  J.  Am.  Chem.  Soc.  125, 
3440  (2003). 
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REVERSIBLE  LOGIC  BASED  ON  ELECTRON  WAVEGUIDF 

Y-BRANCH  SWITCHES 
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For  more  than  a  decade  a  large  amount  of  research  aimed  at  demonstrating  nanoelect.ronic 
components  has  been  performed  (for  reviews  see  e.g.  [1,  2]).  Besides  being  interesting 
physics  m  its  own  right  a  major  driving  force  behind  such  research  is  the  predicted  end-of 
,,  e_r°^  °f  t^e  f allng  of  MOSFETs.  Electron  waveguides  is  one  class  of  devices  studied  in 
his  field,  and  of  these,  the  Y-branch  switch  (YBS)  [3]  is  especially  interesting.  This  is  due 
o  two  reasons;  the  response  to  applied  bias  is  monotonic,  and  the  applied  bias  necessarv 
to  achieve  switching  when  the  YBS  is  operated  in  the  coherent  regime  is  not  thermally 
nnted  [4J.  Combined,  these  two  factors  promise  a  device  suitable  for  high-density  packing 
through  an  expected  tolerance  to  fabrication  defects  and  very  low  power  dissipation. 

MOSFETs  have  however  historically  proved  themselves  very  competitive  and  it  has  even 

rhTtP  !°ng  af  We  afe  considering  computation  in  a  von  Neumann  ar¬ 

chitecture  CMOS  will  always  be  competitive  from  an  energy  viewpoint  no  matter  what 

switching  technique  is  used  [5],  The  conclusion  for  the  near  future  is  then  that  for  any  new 
nanoelectromc  device  technology  to  be  viable  it  should  be  possible  to  integrate  within  a 

Si-CMOS  environment.  Further  ahead  completely  new  types  of  architectures  need  to  be 
considered. 

Within  this  context,  the  lack  of  a  thermal  limit  for  switching  in  the  YBS  makes  it  verv 
interesting  to  study  this  device  as  a  base  for  reversible  computing.  As  is  well-known 
Landauer  s  Principle  states  that  it  is  the  act  of  discarding  information  that  incurs  energy 
oss  [6J  and  by  constructing  a  reversible  computer  in  which  the  input  data  is  not  discarded 
calculations  can  be  performed  with  arbitrarily  small  energy  loss  [7],  Such  a  computer 
requires  reversible  logic  gates,  i.e.  gates  from  which  the  input  can  be  reconstructed  from 
the  output.  So  far,  the  YBS  has  only  been  considered  for  conventional  Boolean  logic  (8] 
but,  m  this  paper  implementations  of  reversible  gates,  such  as  a  controlled-NOT  (reversible 
XOR)  gate  and  a  Fredkin  exchange  gate,  based  on  the  YBS  are  proposed  and  discussed. 
As  e.g.  the  Fredkin  exchange  gate  can  serve  as  a  basic  building  block  for  any  kind  of 
logic  operation  [9],  these  proposed  gates  promise  very  compact  circuits  with  extreme  low 
power  dissipation.  Furthermore,  as  such  reversible  gates  form  a  necessarv  (however  not 
sufficient  [10])  requirement  for  the  realization  of  quantum  computing,  the  possibility  of 
utilizing  the  proposed  structures  for  quantum  logic  will  also  be  addressed 
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Figure  1:  Proposal  of  a  cont.rolled-NOT  gate  based  on  two  YBSs  with  the  corresponding 
truthtable. 
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Since  the  early  report  of  graphite-based  carbon  nanotubes  (CNT)  by  lijima  [1],  as  a  by¬ 
product  of  fullerene  synthesis,  the  carbon  science  has  experienced  an  intense  growth  with  the 
discovery  of  new  and  exciting  phenomena. 

Although  much  of  the  recent  works  on  nanotubes  have  been  focused  on  graphitic  structures, 
alternative  structures  containing  heteroatoms  (N,  B,  etc.),  as  well  as  various  carbon-free 
nanofibers,  have  been  recently  synthesized  [2].  We  believe  that  other  types  of  pure  carbon 
nanotubes  are  feasible  using  different  accessible  hybridization  states  of  carbon.  One 
possibility  is  to  use  graphyne  sheets  as  structural  motifs.  Graphyne  is  an  allotropic  form  of 
carbon  proposed  by  Baughman,  Eckhardt,  and  Kertesz  in  1987  [3], 

Graphyne  is  the  name  for  the  lowest  energy  member  of  a  family  of  carbon  phases  consisting 
of  planar  molecular  sheets  containing  only  sp  and  sp2  carbon  atoms.  The  presence  of 
acetylenic  groups  in  these  structures  introduces  a  rich  variety  of  optical  and  electronic 
properties  that  are  quite  different  from  those  of  ordinary  carbon  nanotubes.  Just  as  a  sheet  of 
graphite  (graphene)  can  be  rolled  to  form  different  types  of  CNTs  (armchair,  zigzag,  or 
chiral),  various  graphyne-based  nanotubes  (GNTs)  are  similarly  possible  (Figure  1). 

We  report  here  structural  and  electronic  properties  for  the  families  of  graphynes  shown  in 
Figure  1  (as  both  infinite  planar  sheets  and  nanotubes)  using  tight-binding  (TB)  and  ab  initio 
density  functional  methods.  TB  calculations  for  idealized  geometries  were  carried  out  using 
the  methodology  of  Saito  et  al.  [4],  We  have  also  performed  ab  initio  density  functional 
(DFT)  calculations  for  the  graphyne  sheets  using  the  SIESTA  [5]  code  in  the  generalized 
gradient  approximation.  Although  the  TB  approach  is  quite  simple,  comparisons  of 
predictions  of  the  TB  and  DFT  methods  show  that  the  main  electronic  features  of  graphyne 
and  related  structures  are  in  good  agreement  [6].  Using  the  TB  approach  the  geometrical 
transformation  of  a  flat  sheet  into  nanotubes  can  be  easily  simulated  using  a  slicing  process 

[2],  which  is  not  feasible  using  DFT  methods. 

Of  the  three  graphyne  nanotube  families  analyzed  here,  two  provide  metallic  behavior  for 
armchair  tubes  and  either  metallic  or  semiconducting  regime  for  zigzag  nanotubes.  A 
diameter  and  chirality  independent  badgap  is  predicted  for  the  y-graphynes  (Figure  2). 
Besides  unusual  electronic  properties  the  holes  in  GNTs  (Figure  1)  can  enable  unprecedented 
shell  doping,  as  well  as  rapid  materials  transport  through  the  nanotube  sidewalls.  Studies  to 
synthesize  these  remarkable  structures  are  in  progress. 
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Figure  1.  Structural  (left)  and  3D- 
representation  (above)  of  conventional  car¬ 
bon  nanotubes  (a)  and  a-  and  y-graphyne 
nanotubes  (b  and  c,  respectively). 


Figure  2.  Band  structure  of  the  y-graphyne  sheet  obtained  from  DFT  calculations. 
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GIGAHERTZ  NANOMECHANICAL  OSCILLATORS 
BASED  ON  CARBON  NANOTUBES 

S.  B.  Legoas1,  V.  R.  Coluci1,  S.  F.  Braga1,  P.  Z.  Coura2,  S.  O.  Dantas2,  and  D.  S.  Galvao1 
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The  technological  advances  have  led  to  the  need  for  creating  functional  devices  at  nanometer 
scale  [1],  There  have  been  continuing  efforts  in  fabricating  nanomechanical  systems  operating 
in  high  frequencies,  but  gigahertz  range  is  beyond  our  present  micromachining  capabilities 

[2,3]- 

A  breakthrough  in  this  area  has  been  obtained  by  Cumings  and  Zettl  [4],  They  demonstrated 
the  controlled  and  reversible  telescopic  extension  of  multiwalled  carbon  nanotubes 
(MWNTs),  thus  realizing  ultralow-friction  nanoscale  linear  bearings  (Figure  la).  These 
results  indicate  that  the  fabrication  of  nanomechanical  systems  operating  in  high  frequencies 
is  now  a  possible  realization.  This  achievement  was  possible  due  to  the  discovery  of  a  method 
whereby  the  ends  of  a  MWNT  can  be  carefully  opened  in  a  way  that  the  core  nanotubes  are 
left  fully  intact  and  protruding. 

Similarly  to  graphite,  the  intershell  interactions  in  MWNTs  are  predominantly  van  der  Waals 

[1],  and  since  the  interlayer  corrugation  is  small  it  is  expected  that  individual  cylinders  of 
MWNTs  might  easily  slide  or  rotate  with  respect  to  one  another.  Depending  on  the  distance 
separation  between  two  adjacent  nanotubes,  it  is  possible  to  have  an  almost  perfect  sliding 
surface  [5].  The  van  der  Waals  interactions  between  the  nanotubes  create  a  restoring  force  that 
cause  the  inner  tube  to  retract  (Figure  1)  [2,4,6]  and  can  be  the  physical  basis  (and  whithin  our 
present  technological  capabilities)  to  build  nanodevices. 

Using  static  models  on  a  slightly  modified  Cumings  and  Zettl  set  up,  Zheng  et  Jiang  [2] 
(Figure  lb)  have  showed  that  multishelled  nanotubes  could  lead  to  gigahertz  nanooscillators. 
We  have  carried  out  molecular  dynamics  studies  for  these  systems  in  the  framework  of 
classical  mechanics  with  standard  molecular  force  fields  [6],  in  order  to  analyze  the  reliability 
of  such  nanodevices  and  to  determine  the  importance  of  temperature  and  time  fluctuations, 
The  calculations  were  carried  out  considering  structures  containing  up  to  6,000  carbon  atoms. 
Different  nanotubes  types  (single  and  multiwalled  armchair,  zigzag,  chiral,  and  combinations) 
were  analyzed.  Our  results  show  that  sustained  oscillatory  behavior  (Figure  2)  is  possible  (for 
all  kind  of  tube  combinations)  only  when  a  perfect  coupling  (when  the  radii  differences 
between  inner  and  outer  tubes  are  of  ~  3.4  A)  occurs.  For  other  couplings,  although  the 
telescopic  and  retractile  movements  are  possible,  dissipative  forces  and  momentum  exchange 
among  the  nanotubes  compromise  the  sustained  oscillatory  regime.  Our  results  showed  that 
multishell  nanotubes  can  be  used  to  make  functional  nano-oscillators  in  gigahertz  range. 
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Figure  1.  (a)  Shematic  representation  of  Cumings  and  Zettl  experimental  set  up  [4],  The  A,  B, 
and  C  sequences  represent  the  experimentally  observed  controlled  core  nanotube  reversible 
telescoping,  (b)  Schematic  setup  of  carbon  nanotubes  oscillators  proposed  by  Zheng  et  Jian° 
[2]- 


<0) 


Figure  2.  Snapshots  from  the  molecular  dynamics  simulations  showing  the  sustained 
oscillatory  behavior  of  a  (9,0)  nanotube  inside  a  (18,0)  one  with  its  double  length. 
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SILVER  NANOPARTICLES  PREPARED  VIA  SOL-GEL 
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In  the  last  years,  growing  attention  has  been  paid  to  the  incorporation  of  metallic 
nanoparticles  into  dielectric  matrices,  because  new  optical  properties  arises  from  the 
presence  of  those  particles  into  the  network.  This  is  the  case  of  silver  nanoparticles 
incorporated  into  silica  based  glasses,  which  exhibit  interesting  features  as  high  non¬ 
linear  susceptibility,  optical  absorption  ascribed  to  plasmon  resonances  and  others. 
These  optical  properties  are  strictly  related  to  the  glass-particles  ensemble 
microstructure,  so  it  is  essential  to  develop  preparation  methods  that  allow  to  control  the 
incorporation  and  reduction  of  metallic  ions  in  the  matrix,  and  the  subsequent 
nucleation  and  growing  process  of  the  particles. 

Most  efforts  has  been  focussed  on  the  achievement  of  glassy  films  doped  with  metals  in 
order  to  achieve  an  easy  integration  in  optoelectronic  devices.  There  are  several 
techniques  to  fabricate  those  films,  these  including  sol-gel  route,  ion  exchange, 
sputtering  or  ion  implantation.  Among  these  techniques,  sol-gel  route  results  specially 
attractive  for  the  preparation  of  coatings,  as  this  is  a  low  -temperature-process  that 
provides  good  homogeneity  of  coatings,  and  easy  control  of  silver  concentration  and 
thickness. 

We  present  here  an  structural  and  optical  characterization  of  silver  doped  glasses, 
prepared  via  sol-gel,  describing  the  formation  process  and  stating  the  relationship 
between  preparation  parameters  (mainly  substrates  and  annealing  temperature  and 
atmosphere)  and  the  structural  and  optical  features  of  the  system. 
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Wave  propagation  in  Photonic  Crystal  waveguiding  structures 
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Waveguiding  structures  built  into  Photonic  Crystals  form  the  basic  elements  of  the  up¬ 
coming  integrated  optics  technology  and  thus  their  transmission  and  reflection  properties  are 
of  great  interest, To  date,  the  theoretical  description  of  such  structures  is  practically  limited 
to  general  computational  methods  such  as  FDTD  or  FEM  simulations  that  make  little  or  no 
use  of  the  information  available  through  the  fact  that  these  defect  structures  are  embedded 
in  the  highly  ordered  lattice  of  a  Photonic  Crystal. 

We  present  a  novel  approach  for  the  computation  of  electromagnetic  wave  propagation  in 
Photonic  Crystal  (PC)  waveguides.  The  approach  uses  a  generalized  scattering  matrix 
method  together  with  a  basis  of  localized  photonic  Wannier  functions  that  are  best  suited 
to  describe  the  localized  fields  occuring  in  PC  defect  structures  and  waveguides.  By  con¬ 
struction,  Wannier  functions  correctly  incorporate  the  symmetry  properties  of  the  underlying 
Photonic  Crystal  and,  as  a  consequence,  represent  a  set  of  localized  basis  functions  that  is 
well-suited  to  the  description  of  defect  structures  in  them. 

The  method  shown  here  allows  efficient  investigation  of  finite-sized  PC  samples,  various 
defect  and  waveguiding  structures. 
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FIG.  1.  Example  of  three  different  waveguiding  structures. 


guided  mode  with  the  largest  |£|  in  propagation  direction  is  excited  in  the  incoming  field  from  the 
left  (7,f,  =  6m  ])  and  there  is  no  incoming  wave  from  the  right  (IR  =  0) 
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DEPOSITION  AND  CHARACTERIZATION  OF  SEMICONDUCTOR 
NANOCRYSTALS  ON  ULTRATHIN  POLYCONJUGATED 
SUBSTRATES  AT  THE  AIR-WATER  INTERFACE 

Yuval  Golan,  Nataly  Belman,  Yevgeniy  Lifshitz  and  Amir  Berman* 
Department  of  Materials  Engineering,  Ben-Gurion  University,  Beer-Sheva  84105,  Israel 
*  Department  of  Biotechnology  Engineering,  Ben-Gurion  University, 
Beer-Sheva  84105,  Israel 
E-mail:  ygolan@bgumail.bgu.ac.il 


Ultrathin  films  of  polydiacetylene  (PDA)  are  unique  templates  for  growth  of  oriented 
semiconductors  due  to  their  electrical  conductivity  and  long  range  crystalline  order  with  a 
distinct  linear  alignment  of  the  conjugated  chains.  This  work  focuses  on  the  formation  of  PDA 
films  at  the  air-water  interface  and  their  use  as  substrates  for  several  nanocrystalline 
semiconductors  such  as  PbS,  CdS  and  Ag2S  in  an  attempt  to  achieve  controlled  crystal  size 
and  size  distribution,  morphology  and  orientation  in  these  new  hybrid  organic-inorganic 
materials.  The  nanocrystal  deposition  is  carried  out  by  reacting  aqueous  salt  solutions  of  the 
required  cations  with  controlled  amounts  of  H2S  gas  in  a  sealed  chamber.  After  deposition  of 
the  nanocrystals,  the  sample  is  either  transferred  onto  solid  support  using  the  Langmuir- 
Schaffer  technique  and  characterized  ex  -situ  by  AFM,  TEM  and  electron  diffraction,  or 
characterized  in-situ  using  synchrotron  grazing  incidence  X-ray  diffraction  (GIXD). 

The  CdS  and  PbS  (both  composed  of  divalent  metal  cations)  nanocrystals  were  found  to  be 
linearly  arranged  along  the  polymer  chains,  and  their  orientation  controlled  by  the  linear  axis 
of  the  polymer  film  (Fig.  la  and  Fig.  2).  On  the  other  hand,  the  monovalent  Ag2S  apparently 
has  a  much  weaker  affinity  for  the  polymer  template  (note  that  the  nanocrystals  are  seen 
mostly  in  voids  in  the  template  in  Fig.  lb),  suggesting  favorable  packing  of  divalent  cations 
with  the  polymer  headgroups  versus  unfavorable  association  of  the  template  with  the 
monovalent  silver  ions.  The  mutual  relationship  of  the  strongly  interacting  nanocrystals  and 
template  will  be  emphasized:  The  metal  cations  in  the  aqueous  subphase  affect  the  polymer 
packing  and  structure,  while  in  turn,  the  polymer  template  controls  the  nanocrystals  spatial 
arrangement  and  orientation. 
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Figures: 


Figure  1:  (a)  Bright  field  TEM  image  of  CdS  (divalent  Cd)  nanoerystals  on  PDA. 
(b)  Topography  AFM  image  of  Ag2S  (monovalent  Ag)  nanocrystals  on  PDA. 


Figure  2:  TEM  image  and  electron  diffraction  pattern  obtained  from  oriented  PbS 
(divalent  Pb)  nanocrystals  on  PDA 
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FANO-LIKE  RESONANCES  IN  THREE-QUANTUM  DOT 
AHARANOV-BOHM  RINGS 

I.  Gomez1.  F.  Dommguez-Adame1,  P.  Orellana" 

’GISC,  Departamento  de  Flsica  de  Materiales  ,  Universidad  Complutense,  E-28040 

Madrid,  Spain 

2Departamento  de  Fisica,  Universidad  Catolica  del  Norte,  Casilla  1280,  Antofagasta, 

Chile 

Since  U.  Fano  propossed  in  1961  a  theoretical  framework  to  explain  the  shape  of  some 
He  resonances  observed  in  electron  inelastic  scattering  experiments  [1],  a  large  variety 
of  systems  [2,  3,  4]  have  shown  what  seems  to  be  an  ubiquitous  phenomena  that  fits  into 
this  framework:  the  Fano  effect.  Recent  advances  in  nanotechnology  have  made  it 
possible  to  study  interference  phenomena  like  the  Fano  effect  on  Aharanov  Bohm  rings 
made  of  quantum  dots.  Thus,  both  experimental  [5,  6]  and  theoretical  works  [7,  8]  have 
been  devoted  to  this  effect,  which  turns  out  to  be  a  consequence  of  the  quantum 
mechanical  interference  between  the  quantum  dot  resonant  state  and  the  continuum  [1]. 
In  this  work  we  study  electron  transport  through  a  quantum  wire  coupled  to  a  three- 
quantum  dot  Aharanov-Bohm  ring  by  using  a  noninteracting  Anderson  tunneling 
Hamiltonian.  In  this  system  we  have  observed  the  appearance  of  Fano-like  resonances 
on  the  conductance.  We  have  investigated  the  asymmetry  and  the  position  of  the 
conductance  resonances  finding  closed  expressions  for  them.  Phase  jumps  related  to  the 
Fanolike  resonances  are  also  studied.  In  adition,  Aharanov-Bohm  oscillations  as  well  as 
conductance  dependence  on  the  magnetic  field  have  been  investigated. 
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By  applying  a  voltage  between  a  force  microscope  tip  and  a  sample,  electrostatic  force 
microscopy  (EFM)  has  been  used  to  study  different  properties  of  both  metallic  and  insulating 
surfaces.  Recent  EFM  experiments  on  carbon  nanotubes  adsorbed  on  a  dielectric  sample  [1] 
have  pointed  out  the  ability  of  EFM  to  study  the  dielectric  response  of  single  molecules. 
However,  the  exact  nature  of  the  contrast  mechanisms  is  not  well  understood.  Since  EFM  is  a 
non-local  technique  due  to  the  long-range  nature  of  the  electrostatic  interaction,  the  detailed 
shape  and  dimensions  of  the  tip  must  be  taken  into  account  for  a  precise  calculation  of 
electrostatic  force.  The  lateral  resolution  [2]  and  other  important  magnitudes  [3]  can  be 
strongly  affected  by  the  dimension  and  shape  of  the  tip. 

In  this  work  we  present  a  detailed  theoretical  analysis  together  with  EFM  experiments  of  the 
electrostatic  interaction  between  the  EFM  tip  and  multi-walled  carbon  nanotubes  (MTNT)  of 
different  lengths  and  radii.  The  electric  field  distribution  (and  the  associated  electrostatic 
force)  between  the  EFM  tip  and  a  nanotube  adsorbed  on  a  dielectric  sample  is  analyzed  in 
detail.  The  contrast  mechanisms  and  performance  of  different  EFM  operation  modes  will  also 
be  discussed.  As  we  will  show,  the  calculated  force  gradients  as  well  as  the  simulated  images 
are  in  striking  agreement  with  the  experimental  results. 

[  This  work  has  been  supported  by  the  EU  1ST  project  “DNA-based  molecular  nanowires”  - 
1ST-2001 -38951- ] 
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Electrostatic  potential  distribution  inside  an  Electrostatic  Force  Microscopy,  a)  tip-sample  region,  b)  Simulation 
including  the  cantilever.  The  sample  is  a  metallic  nanowire  on  a  dielectric  sample. 
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TOWARDS  SINGLE  PROTEIN  NANOBIOSENSORS 

G.  Gomila1.  A.  Errachid1,  O.  Ruiz1,  J.  Samitier1,  G.  Ferrari2,  M.  Sampietro2,  C. 
Pennetta3,  E.  Alfinito3,  L.  Reggiani3,  J.  Bausells4,  N.  Jaffrezic-Renault5,  E.  Pajot-Augy6 

and  R.  Salesse6. 
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5Laboratoire  de  Ingenierie  et  Fonctionalisation  des  Surfaces,  Ecole  Centrale  de  Lyon- 

CNRS,  Lyon,  France. 

6Laboratoire  de  Biologie  Celluler  et  Moleculer,  Institute  National  de  la  Recherche 
Agronomique,  Jouy-en-Josas,  France 

Molecular  bioelectronics  is  currently  a  research  field  in  fast  development  and 
expansion.  By  coupling  biomolecules  to  non-biological  electronic  transducers, 
molecular  bioelectronic  systems  could  one  day  be  used  in  a  wide  variety  of  apparatus, 
including  biosensors,  devices 

for  driving  bitransformations,  biofuel  cells  and  maybe  even  biocomputers.  A  major 
thrust  in 

molecular  bioelectronics  is  the  development  of  chemical  biosensors,  with  uses  ranging 
from 

clinical  diagnostics  to  environmental  applications. 

The  ultimate  limit  in  the  miniaturization,  sensitivity  and  specificity  of  such  a  chemical 
biosensors  will  be  reached  when  their  active  part  consists  of  a  single  biomolecule.  In 
order  to  reach  such  a  limit  many  difficulties  have  to  be  overcome.  Among  others  we  cite 
the  fabrication  of  low  resolution  nanoelectrodes,  the  production  and  purification  of  a 
sufficient  amount  of  the  corresponding  biomolecule,  the  elaboration  and  transfer  of 
monolayers  of  the  biomolecules  on  the  nanoelectrodes,  the  characterisation  and 
modelling  of  the  electrical  properties  of  single  biomolecules  and  the  design  of  a  very 
sensitive  read  out  electronic  interface. 

In  the  present  communication  we  present  the  first  steps  covered  towards  the 
development  of  a  single  protein  olfactory  nanobiosensor  inside  the  european  project 
Single  Protein  Nanobiosensor  Grid  Array. 

References 
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INFORMATIONAL  DESCRIPTION  OF  AVOIDED  CROSSINGS 
IN  NANOTECNOLOGICAL  SYSTEMS 

R.  Gonzalez-Ferez1  and  J.  S.  Dehesa2 

'University  of  Heidelberg,  Germany 
2Universidad  de  Granada,  Spain 

In  this  poster/comunication  we  provide  an  information-theoretic  description  of  some 
highiy-non-linear  phenomena  of  nanotecnological  systems  (atoms,  molecules)  called 
as  avoided  crossings.  Our  main  contribution  is  the  suggestion  of  two  new  parameters 
(Shannon’s  entropy,  Fisher's  information  measure),  in  addition  to  the  conventional 
ionization  energy,  to  characterize  this  most  distintive  characteristic  spectral 
phenomena.  Applications  to  some  specific  dynamical  states  of  hydrogenic  atoms  will 
be  supplied  [1,2]. 
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FREE-STANDING  III-V  SEMICONDUCTOR  NANOWIRES 
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The  concept  of  using  nanostructures  as  building  blocks  for  electronic  and 
optoelectronic  devices  has  attracted  great  interest  in  recent  years  [1,2].  In  this  work, 
we  describe  our  recent  results  on  the  growth  of  free-standing  III-V  (NW’s)  by 
Chemical  Beam  Epitaxy  (CBE).  III-V  NW’s  were  grown  using  Au  nanoparticles 
(NP’s)  acting  as  seeds  within  a  vapor-liquid-solid  growth  process. 

Atomic  Force  Microscopy  (AFM)  was  used  to  measure  the  diameter  and  spatial 
distribution  of  the  Au  NP’s  spin  coated  on  different  substrates.  The  size  distribution 
of  the  original  Au  NP’s  solution  was  also  characterized  by  Transmission  Electron 
Microscopy  (TEM).  The  morphology,  crystal  structure  and  chemical  composition  of 
the  wires  were  characterized  by  Field  Emission  Scanning  Electron  Microscopy  (FE- 
SEM),  TEM  and  Energy  Dispersive  X-ray  Spectroscopy  (EDS).  Photoluminescence 
(PL)  was  used  to  investigate  the  optical  properties  of  the  NW’s. 

Using  this  method  free-standing  nanowires  of  approximately  50  nm  in  diameter  and 
longer  than  5000  nm  can  be  easily  obtained.  The  grown  NW’s  were  crystalline,  as 
verified  by  electron  diffraction  and  TEM,  and  mainly  oriented  along  the  [100]  and 
[110]  crystallographic  directions.  The  NW’s  were  also  found  to  be  stoichiometric. 
InP/InAs/lnP  one-dimensional  heterostructures  were  also  grown,  as  is  shown  in  Fig. 
1.  However,  the  nanowires  morphology  strongly  depends  of  the  gown  conditions,  in 
particular  the  flux  of  group  111  precursors  and  substrate  temperature. 

Low  temperature  PL  experiments  in  undoped  and  doped  InP  NW’s  revealed  a  small 
quantum  confinement  in  the  wires  and  confirmed  the  good  crystalline  quality  of  the 
wires,  observed  by  TEM. 
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Figures: 


Fig.  1.  InP/InAs/  InP  one  dimensional  heterostructure,  (a)  TEM  image  of  the  one 
dimensional  heretostructure,  showing  the  contrast  between  the  InP  layers  (grey)  and 
InAs  layers  (dark),  (b)  High  resolution  TEM  image  of  one  section  of  the 

heterostructure. 
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Molecular  Confinement  and  Shear  of  Thin  Films  Studied  by 
Absorption  Spectroscopy 

Pelphine  Gourdon.  Anna  R.  Godfrey  and  Jacob  lsraelachvili 

Department  of  Chemical  Engineering,  University  of  California  Santa  Barbara 
Santa  Barbara,  CA  93106,  USA 
Emai  1 :  delph@engineering .ucsb.edu 

We  are  investigating  the  effects  of  confinement  and  shear  on  the  optical  properties  of  dye 
molecules  trapped  in  nm-gap  films  using  the  Surface  Forces  Apparatus  (SFA)  technique 
and  absorption  spectroscopy  [1,2].  The  absorption  spectrum  of  Rhodamine  B,  a  highly 
absorbing  dye,  has  been  studied  under  different  pressures  of  confinement  (hence  different 
gaps),  as  a  function  of  shear  rate  and  external  temperature. 

The  behavior  of  the  absorption  spectra  under  confinement  (Fig.l)  and  shear  has  been 
compared  with  bulk  absorption  measurements  performed  as  a  function  of  temperature  as 
well  as  of  concentration,  and  revealed  that  the  dye  tends  to  form  dimers  under 
confinement  and  crystallizes  rapidly  under  shear.  In  addition,  freeze-fracture  AFM  of 
single  surfaces  (after  they  have  been  sheared),  provides  information  on  both  the 
temperature  changes  of  the  molecules  at  the  shearing  interface  and  the  eventual  molecular 
shear-induced  alignment.  Ultimately,  these  correlations  should  allow  us  to  use  various 
dye  molecules  as  in  situ  molecular-level  temperature,  pressure  and  structural  probes  at 
both  static  and  shearing  junctions. 
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[1]  Enhanced  absorption  within  a  cavity:  a  study  of  thin  dye  layers  with  the  Surface 
Forces  Apparatus,  C.  Muller,  P.  Machtle  and  C.  A.  Helm,  J.  Phys.  Chem.  98  (1994) 
11119-11125. 

[2]  A  thin  absorbing  layer  at  the  center  of  a  Fabry-Perot  interferometer,  P.  Machtle,  C. 
Muller  and  C.  A.  Helm,  J.  Phys.  11  France  4  (1994)  481-500. 


TNT2003 


September  15-19,  2003 


Salamanca-Spain  375 


Poster 


Figures: 


>» 

(/) 

c 

© 

+■» 

c 


(0 

A 

k. 

o 

</) 

JD 

< 


UIM 


11 


4500  5000  5500  6000  6500 


Wavelength  (A) 


Fig  1:  Measured  transmitted  intensity  (top)  and  resulting  absorbing  spectrum  (bottom)  of 
two  contacting  atomically  smooth  mica  sheets  confining  a  10  nm-thick  Rhodamine  B  dye 
film. 
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INVESTIGATION  OF  CHROMOPHORIC  NANOWIRES  BY  SINGLE 
MOLECULE  FLUORESCENCE  AND  ATOMIC  FORCE  MICROSCOPY 

J.  Hernando1.  P.A.J.  de  Witte2,  E.M.H.P  van  Dijk1,  J.  Korterik1,  E.E.  NeuteboonT1,  S.C.J. 
Meskers3,  R.A.  J.  Janssen3,  R.J.M.  Nolte2,  A.E.  Rowan2,  M.F.  Garci'a-Parajo’,  N.F.  van  Hulst1 
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Eindhoven,  P.O.  Box  513,  5600  MB  Eindhoven  (The  Netherlands) 
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Multichromophoric  systems  display  valuable  optical  properties  due  to  excitonic  interactions 
between  close-by  dye  units.  This  is  the  case  of  light-harvesting  antennas  in  photosynthetic 
complexes,  which  allow  for  efficient  light  absorption  and  unidirectional  transfer  of  energy  to 
the  reaction  center  during  the  photosynthesis  process.  The  design  of  artificial 
multichromophoric  systems  that  mimic  those  properties  can  be  envisaged  with  the  ultimate 
goal  of  building  molecular  photonic  devices.  In  this  work,  a  rigid  rod-like  multichromophoric 
polymer  intended  to  act  as  such  a  synthetic  antenna  has  been  investigated  at  the  single 
molecule  level  by  means  of  fluorescence  and  atomic  force  microscopy  (AFM).  Combined 
single  molecule  fluorescence  and  force  measurements  have  provided  with  a  unique  insight 
into  the  complex  optical  behavior  of  this  system. 

To  attain  optimal  excitonic  behavior,  a  controlled  close-packing  of  the  chromophores  in  the 
aggregate  is  required.  Recently,  we  have  demonstrated  that  polyisocyanides,  intrinsically  rigid 
helical  polymers  [1],  are  an  ideal  scaffold  to  achieve  such  degree  of  chromophoric 
organization  over  large  distances.  Long  well-ordered  porphyrin  [2]  and  perylene  arrays  have 
been  synthesized  in  this  way.  The  resulting  polymers  have  a  chiral  backbone  to  which  the 
chromophores  are  attached  in  four  parallel  stacks,  as  depicted  in  Figure  la.  The  distances 
between  consecutive  chromophoric  units  in  one  stack  are  short  enough  to  allow  for  strong 
excitonic  coupling  between  them. 


(a)  Structure  of  the  perylene  polymer;  (b)  AFM  image  of  the  polymer  fibers  on 
mica;  (c)  fluorescence  intensity  trajectories  for  two  different  single  molecules  in  a 
perylene  polymer  sample,  including  their  emission  spectra  in  the  inset. 
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Single  molecule  techniques  have  recently  proved  to  be  a  powerful  tool  to  cope  with  the 
understanding  of  exciton  dynamics  in  multichromophoric  systems  [3].  Fluorescence  and 
atomic  force  microscopy  (AFM)  have  been  used  in  this  work  to  thoroughly  investigate  the 
perylene  polyisocyanide  polymers.  AFM  measurements  have  shown  rigid  chromophoric 
fibers  up  to  micrometers  long  and  containing  up  to  ten  thousand  perylene  dye  units  (Figure 
lb).  The  optical  behavior  of  single  polymer  fibers  has  been  investigated  using  a  fluorescence 
confocal  microscope  with  polarization  and  spectrum  sensitivity  [4],  Two  different  emissive 
behaviors  arising  from  single  entities  in  the  polymer  sample  have  been  found,  as  shown  in 
Figure  lc.  Thus,  steps  in  the  fluorescence  intensity  trajectory  correlate  with  a  monomer-like 
spectrum,  while  continuously  decaying  intensity  emission  shows  excimer-like  spectrum. 
Combined  AFM  and  confocal  measurements  have  been  performed  to  unravel  this  behavior: 
the  monomer-like  emission  has  been  proved  to  arise  from  monomer  molecules  left  in  the 
sample  and  short  perylene  oligomers  without  helical  structure,  while  the  excimer-like 
emission  has  been  shown  to  correspond  to  the  long  helical  perylene  arrays.  For  those  arrays, 
excimer  species  are  formed  after  excitation  by  interaction  between  few  face-to-face  perylene 
units.  These  species  trap  the  electronic  energy  and  prevent  its  fully  delocalization  throughout 
the  polymer. 

As  already  mentioned,  the  multichromophoric  polymers  studied  here  may  be  of  interest  as  a 
synthetic  antenna.  To  goal  this,  they  must  be  further  optimized  and  equipped  with  an  energy 
gradient  that  acts  as  a  driving  force  for  the  electronic  energy  flow.  As  demonstrated  in  this 
work,  the  combination  of  single  molecule  fluorescence  and  atomic  force  microscopy  would 
then  be  an  ideal  technique  to  deal  with  the  characterization  of  such  system. 
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Can  self  assembled  Ge  quantum  dots  be  defect  free? 

A.  P.  Jacob1.  Q.  X.  Zhao',  M.  Willander',  L.  Vescan2 
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2.  Institute  for  Thin  Films  and  Interfaces  (ISG),  Forschungszentrum  Juelich, 52425 

Juelich,  Germany 

Silicon  based  devices  had  been  the  major  thrust  to  the  semiconductor  industry. 
Integrating  Germanium  with  Silicon  gives  the  advantage  of  better  device  performance  while 
maintaining  the  cost  reduction  for  the  industry.  The  exploitation  of  silicon/germanium  based 
devices  for  optoelectronic  application  is  still  difficult  due  to  the  presence  of  indirect  band  gap 
characteristics  in  these  materials.  This  problem  could  be  solved  with  a  zero  dimensional 
structure.  One  could  expect  higher  performance  with  zero  dimensional  Ge  quantum  dots 
because  QD's  exhibit  increased  exciton  binding  energy  and  oscillator  strength  over  quantum 
well  and  quantum  wire  structures.  The  superior  optical  properties  of  Si/Ge  quantum  dots 
could  be  exploited  for  cheaper  photonic  devices.  Thus  great  effort  is  currently  underway  to 
fabricate  nm  scale  QD's. 

In  this  report,  we  have  extensively  studied  the  effect  of  deuterium  on  self 
assembled  Ge  quantum  dot  structures  using  photoluminescence  technique.  The  quantum  dot 
samples  used  for  this  study  included  both  molecular  beam  epitaxy  (MBE)  and  chemical 
vapour  deposition  (CVD)  grown  structures.  Deuterium  was  incorporated  into  the  sample  (i) 
by  annealing  them  in  deuterium  atmosphere  for  3  hours  (ii)  by  exposing  the  sample  into 
deuterium  plasma  for  2  hour  at  1.8  mbar  pressure.  The  PL  spectroscopy  was  recorded  at 
various  temperatures  (4.2  K,  15  K,  45  K,  200  K  and  250  K).  To  our  knowledge,  this  is  the 
first  attempt  to  learn  the  passivation  effect  on  Ge  quantum  dots. 

Our  studies  show  that  the  recombination  peaks  does  not  have  any  significant 
effect  even  after  passivation.  Experiments  on  similarly  grown  sample  from  different  growth 
chambers  have  also  shown  no  significant  passivation  effect.  The  results  are  compared  with 
those  results  obtained  by  annealing  these  samples  in  Argon  atmosphere.  These  results  are 
extremely  interesting  because  non-radiative  recombination  centres  could  be  passivated  in  the 
Ge  quantum  dots,  in  comparison  with  InAs  quantum  dots  grown  on  GaAs,  which  shows  a 
strong  passivation  effect  of  non-radiative  channels  [1], 

The  possible  reasons  for  this  result  could  be  that  Stranski-Krastanov  Growth  of 
Ge  on  Si  (100)  might  be  free  of  defects  induced  by  dislocation  [2], 
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Figure  Caption: 

1.  Figure  shows  the  low  temperature  PL  spectra  from  one  set  of  samples.  This  sample  is 
grown  by  CVD.  It  is  seen  that  there  is  no  significant  change  in  the  QDs  emission  intensity 
observed  in  Ge  QDs.  Similar  results  are  obtained  for  annealing  in  an  Ar  atmosphere. 
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PHYSICS-BASED  MODEL  FOR  THE  SIMULATION  OF  BALLISTIC 
QUANTUM  WIRE  AND  QUANTUM  WELL  MOSFETS 
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The  control  of  short-channel  effects  is  more  difficult  with  the  progressive  scaling  of  MOSFETs. 
The  double-gate  MOSFET  has  emerged  as  an  excellent  device  to  provide  the  electrostatic 
integrity  needed  to  scale  down  transistors  to  minimal  channel  lengths.  In  addition  to  a  better 
electrostatics  than  the  single-gate  MOSFET,  the  use  of  this  device  has  advantages  relative  to  the 
electronic  transport,  mainly  due  to  (i)  the  higher  mobility  of  electrons  and  (ii)  the  reduction  of 
the  Coulomb  scattering  because  the  film  is  made  of  undoped  silicon.  Moreover,  the  introduction 
of  new  materials  as  the  strained  silicon  to  enhance  the  mobility,  can  result  in  electronic  transport 
approaching  the  ballistic  regime.  The  International  Roadmap  for  Semiconductors  (ITRS-200I)1 
has  identified  a  series  of  challenges  that  must  be  solved  before  this  device  can  enter  the 
manufacturing  of  CMOS-based  integrated  circuits.  Among  them,  a  complete  compact  modeling 
of  this  structure  remains  an  issue.  In  an  attempt  to  contribute  to  this  field,  we  propose  a  physical 
compact  model  of  the  ballistic  double-gate  MOSFET  operation,  based  on  the  Landauer 
electronic  transmission  theory2'’’4.  It  captures  the  static  current-voltage  characteristics  in  all  the 
operation  regimes,  below  and  above  the  threshold  voltage,  and  provides  a  general  framework  to 
account  for  the  electronic  transport  in  MOSFETs,  being  adaptable  to  gate  structures  as  the 
surrounding-gate  or  single-gate  by  changing  the  details  of  the  electrostatics.  The  main  novelty 
that  we  introduce  is  the  extension  of  existing  models,  only  formulated  for  quantum  well  double¬ 
gate  MOSFETs,  to  structures  of  lower  dimensionality,  such  as  the  quantum  wire  MOSFET.  We 
introduce  other  contributions  to  the  state-of-the-art:  (i)  the  proposed  model  incorporates  effects 
of  multi-subband  conduction,  (ii)  takes  into  account  the  band  structure  of  silicon  and  (iii)  the 
transition  between  subthreshold  and  above  threshold  is  well  modeled,  where  other  compact 
models  fail5.  As  an  illustrative  example  of  the  capability  of  this  compact  model  we  show  in 
Figure  1  the  simulated  transconductance  and  conductance  of  a  quantum  wire  MOSFET  with  a 
gate  oxide  of  1.5  nm,  a  silicon  film  thickness  of  2  nm  and  silicon  width  of  3  nm.  To  validate  our 
approach,  numerical  simulations  based  on  this  compact  model  have  been  compared  with 
experiments  and  quantum  mechanical  self-consistent  simulations6,  with  good  agreement. 


Figure  1.  (a)-(b)  Bottom  of  the  subbands  at  the  beginning  of  the  channel  versus  the  gate  (drain)  voltage.  The  operation  temperature 
is  40  K,  and  the  drain  (source)  voltage  is  0.1  V  (0,6  V) .  The  thin  solid,  dashed  and  dotted  lines  represent  the  bottom  of  the  subbands 
from  the  first,  second  and  third  set  of  valleys,  respectively.  The  Fermi  level  at  the  source  (Era)  is  taken  as  a  reference.  The 
normalized  current  (ql/Gn),  the  surface  (\|/s),  and  center  (\|/«)  potentials  are  also  represented.  In  (c)-(d)  we  plot  the  simulated 
transconductance  (conductance),  showing  a  clear  structure  of  peaks  and  valleys  at  the  positions  where  subbands  cross  the  source  and 
drain  Fermi  levels. 

'  The  International  Technology  Roadmap  for  Semiconductors.  Available:  http://public.itrs.net 
2  M.  Lundstrom,  IEEE  Electron  Dev.  Lett.  18.  361  (1997). 

’  S  Dana.  F.  Assad,  and  M.  S.  Lundstrom,  Superlatt  Microstruct.  23, 771  (1998). 

‘  D  Jimenez,  J.  J,  Saenz.  B.  Ifiiguez.  J.  Suite,  L  F.  Marsal,  and  .1.  Pallares,  J.  Appl.  Phys.  (in  press). 

5  A  Rahman,  and  M.  S.  Lundstrom,  IEEE  Trans.  Electron  Devices  49, 481  (2002). 

''Z.  Ren.  R.  Venugopal,  S.  Datta,  M.  S.  Lundstrom.  D.  Jovanovic,  and  J.  G.  Fossum.  IEDM  Tech.  Dig.,  715  (2000). 
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FABRICATION  OF  NANO  ARRAYS  OF  SrZr03BY  PULSED 

LASER  DEPOSITION 

S.  Karthauser.  E.  Vasco,  R.  Dittmann  and  R.  Waser 
Institut  fur  Festkorperforschung,  Forschungszentrum  Jiilich,  D-52425  Jiilich,  Germany. 

Nanoarrays  of  lateral  confined  structures  (wires)  of  SrZr03  (SZO)  have  been  fabricated  on 
SrRu03-buffered  SrTi03  (STO)  by  pulsed  laser  deposition.  Commercial  available  STO 
substrates  were  chemically  treated  in  order  to  prepare  a  TiCVfinished  regular  vicinal  surface, 
which  promotes  the  ordered  growth  of  the  SrRu03  (SRO)  buffer  layer.  On  this  template,  SZO 
was  deposited  in  different  oxygen  pressures  (Pq2  =10"4-0.5  mbar)  at  deposition  temperatures 

of  700-800  °C  by  using  a  KrF  laser  emitting  20  ns-pulses  at  A,=248  nm  (fluence  of  5  J/cm2). 
The  deposited  samples  were  studied  by  atomic  force  microscopy  (AFM),  x-ray  diffraction  and 
Rutherford  backscattering  spectroscopy  (RBS).  AFM -measurements  with  a  conducting  tip 
allow  to  identify  SZO  during  its  first  growth  stages  (previous  to  the  film  completion  regime, 
i.e.  <30  nm)  on  basis  of  the  difference  between  the  electrical  conductivities  of  SZO  and  SRO. 
Thus,  the  correlation  between  the  topographic  and  conducting  images  corresponding  to  a 
same  area  (Fig.  1)  allows  to  recognize  the  SZO  wires  (black  area)  separated  by  deep  and 
narrow  boundaries  that  extend  up  to  the  conductive  buffer  layer  (light  area). 

The  scaling  analysis  carried  out  from  the  deposition-time  dependences  of  film  roughness  (a) 
and  surface  correlation  length  (£),  cr  oc  t °'9*  and  £  °c  t0A0 ,  suggests  that  SZO  grows  with  a 
3D  habit,  which  is  induced  by  the  geometric  shadowing  of  the  incident  particles  [1].  The 
study  of  the  angular  distribution  of  the  evaporated  particles  confirms  the  presence  and 
influence  of  this  phenomenon  on  the  SZO  morphology  evolution.  Thus,  the  high  oxygen 
pressures  produce  an  increase  of  the  particle  scattering  by  collisions  [2]  spreading  out  the 
average  incidence  angle  from  4°  for  Pq2  =10"4  mbar  up  to  32°  for  Pq2  =0.5  mbar.  The  non¬ 
perpendicular  incidence  on  a  vicinal  surface  gives  rise  to  a  shadowing  effect  of  the  terraces 
edges  on  the  steps.  This  effect  in  combination  with  an  insufficient  diffusion  due  to  the  high 
surface  energy  of  SZO  may  be  the  reason  for  inhabitation  of  the  coalescence  among  SZO 
wires  so  that  the  SRO  steps  correspond  to  the  wire  boundary  areas. 

Finally,  the  x-ray  and  RBS  measurements  demonstrate  that  the  nano-patterned  SZO  films 
grow  highly  textured  (with  a  channeling  signal  x=9%)  and  stoichiometric. 


Fig  1.  Correlation  between  topographic  (left)  and  conducting  (rigth)  AFM  images  of 
5nm-SZO  deposited  on  SRO/STO 

[1]  C.  Roland  and  H.  Guo,  Phys.  Rev.  Lett.  66,  2104  (1991) 

[2]  Pulsed  Laser  Deposition  of  Thin  Films,  Ed.  D.  B.  Chrisey  and  G.  K.  Hubler  (John  Wiley  and  Sons, 
New  York.  1994) 
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A  CARBON-NANOTUBE-BASED  NANORELAY 

Magnus  Jonsson1,  Tomas  Nord1,  Susanne  Viefers2,  and  Jari  Kinaret1 
’Department  of  Applied  Physics,  Chalmers  University  of  Technology  and  Goteborg 
University,  SE-41296  Gothenburg,  SWEDEN 
department  of  Physics,  University  of  Oslo,  Postboks  1048  -  Blindem,  N-0316  Oslo, 

NORWAY 

E-mail:  kinaret@fy.chalmers.se 


We  perform  a  theoretical  investigation  of  the  operational  characteristics  of  a  nanorelay  based 
on  a  carbon  nanotube.  A  conducting  multi-walled  nanotube  (MWNT)  is  placed  on  a  terrace  in 
a  silicon  dioxide  substrate  connected  to  a  source  electrode.  Two  additional  electrodes  (gate 
and  drain)  are  placed  on  the  substrate  below  the  terrace  (Fig.  1).  By  applying  a  voltage 
between  the  tube  and  gate  and/or  drain  electrodes,  an  excess  charge  is  induced  in  the  nanotube 
and  hence  a  capacitive  force  acts  to  bend  the  tube  towards  the  drain  electrode.  If  the  deflection 
is  large  enough  a  tunnel  current  can  flow  from  the  tube  to  the  drain  electrode.  We  model  the 
mechanical  properties  of  the  nanotube  by  classical  continuum  theory  and  use  experimentally 
measured  values  values  for  the  Young's  modulus.  The  charge  transport  between  the  tube  and 
the  drain  electrode  is  treated  using  the  orthodox  theory  of  Coulomb  blockade. 

The  system  acts  as  three-terminal  switch  that  operates  in  the  GHz  regime  and  has  been  studied 
by  Kinaret  et  al.  [1].  A  related  two-terminal  structure  has  been  studied  by  Dequesnes  et  al.  [2], 
Due  to  the  exponential  dependence  of  the  tunneling  conductance  on  the  tube-drain  separation 
there  is  a  sharp  transition  between  the  conducting  and  the  non-conducting  states.  Surface 
phenomena  are  important  for  the  operational  characteristics  and  in  this  work  we  have  refined 
our  previous  treatment  of  short  range  forces  such  as  the  van  der  Waals  and  adhesion  forces. 
The  short  range  forces  influence  the  geometry  that  is  optimal  for  particular  applications. 

In  this  work  we  also  analyze  the  application  of  the  nanorelay  as  a  memory  element  taking  into 
account  the  effects  of  the  surface  forces.  Other  possible  applications  include  logic  devices, 
pulse  generators  and  amplifiers. 
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DETERMINATION  OF  HYDROPHILIC-HYDROPHOBIC 
PROPERTIES  OF  MULTIWALL  CARBON  NANOTUBES  BY  BINARY 

MIXTURE  ADSORPTION 

T.  Kanyo',  Z.  Konya1,  F.  Berger2, 1.  Dekany2, 1.  Kiricsi' 

'Applied  and  Environmental  Chemistry  Department,  University  of  Szeged,  Hungary 

2Colloid  Chemistry  Department,  University  of  Szeged,  H-6720  Szeged,  Hungary 
E-mail:  kiricsi@chem.u-szeged.hu 

The  nanoscience  is  a  quite  new  branch  of  the  material  science.  Besides,  since  their 
discovery1  carbon  nanotubes  are  one  of  the  most  widely  studied  nanomaterials.  Several 
techniques  have  been  developed  for  production  both  for  singlewall  (SWNT)  and  multiwall 
(MWNT)  carbon  nanotubes2  which  methods  are  commercially  available  nowadays.  A  quite 
large  number  of  laboratories  are  working  on  their  application  as  field  emitters3,  nanoelectron ic 
devices4,  hydrogen  storage5,  polymer  fillers6,  etc.  A  significant  part  of  these  applications 
require  nanotubes  of  different  hydrophilic/hydrophobic  properties.  To  satisfy  the  demand  of 
these  potential  users,  samples  of  a  given  hydrophilic  and/or  hydrophobic  character  should  be 
produced;  however,  the  determination  of  hydrophilic  or  hydrophobic  properties  seems  to  be  a 
quite  hard  task. 

Several  experimental  techniques  are  used  for  characterization  of  carbon  nanotubes. 
TEM  is  suitable  for  visualizing  the  walls  and  for  statistical  evaluation.  HRTEM  is  generally 
applied  for  the  observation  of  wall  structure.  The  STM  is  a  rather  indirect  tool  for  monitoring 
the  shape  and  dimensions  of  carbon  nanotubes.  AFM  sheds  somewhat  different  light  to  the 
tube  morphology.  These  methods  render  the  easy  investigation  of  a  macroscopic  amount  of 
carbon  nanotubes.  The  Raman  spectroscopy  gives  a  so  called  average  result  on  the  diameter 
of  singlewall  nanotubes.  For  SWNTs  this  measurement  allows  the  classification  of  the  tubes 
by  diameter  distribution.  This  parameter  is  regarded  as  one  of  the  most  important  in 
characterization  of  nanotube  products.  XPS  study  gives  the  value  of  binding  energies  due  to 
the  bonds  in  different  (=C=0,  =C-OH,  -COOH)  groups  generated  by  opening  and/or 
purification-functionalization  of  nanotubes.  Building  functional  groups  on  the  outer  surface 
particularly  on  the  ends  of  the  opened  nanotubes  may  lead  to  product  more  appropriate  in 
polymer  chemistry  since  the  tubes  have  opportunity  to  make  chemical  bonds  with  the 
polymer. 

Generally  the  determination  of  functional  group  mentioned  above  is  rather  complex. 
Their  concentration  depends  on  the  treatment  to  which  nanotubes  are  subjected.  After  an 
acidic  or  oxidative  treatment  the  product  nanotubes  are  heat  treated  at  different  temperatures. 
Depending  on  this  more  or  less  functional  groups  remained  intact  since  the  carboxyl  groups 
may  decompose,  the  OH  ones  may  release  as  water  generated  from  two  OH.  It  has  also  been 
reported  that  high  temperature  treatment  in  an  inert  atmosphere  results  in  the  decrease  of 
structural  imperfections  of  outer  shells  of  MWNTs7.  In  some  cases  small  contraction  of 
nanotube  diameter  was  also  reported.  The  decreased  number  of  functional  groups  and  the 
structural  imperfections  leads  to  a  sample  of  less  hydrophilic  and  increased  hydrophobic 
character.  This  should  be  evidenced  experimentally  with  a  higher  amount  of  MWNT  that  is 
impossible  using  TEM,  STM,  AFM.  However,  it  is  also  hard  task  using  Raman,  IR  or  XPS 
spectroscopy.  What  sort  of  technique  can  we  use  to  determine  the  change  in  the  hydrophilic 
and/or  hydrophobic  properties  of  carbon  nanotubes  subjected  a  treatment  may  modify  this 
characteristics? 
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The  determination  of  the  lost  functional  groups  may  be  performed  by  titration  method. 
This  technique  is  inaccurate  at  low  concentration  levels.  The  loss  of  oxygen  containing 
functional  groups  changes  the  hydrophilic  character  of  the  nanotubes.  On  the  basis  of  this 
observation  we  report  details  in  this  communication  on  how  the  adsorption  isotherms  of 
ethanol-cyclohexane  binary  solvent  is  used  to  show  the  change  of  hydrophilic-hydrophobic 
character  of  the  nanotubes.  This  is  the  first  time  when  binary  solvent  adsorption  isotherms  for 
carbon  nanotubes  have  been  investigated. 

Multiwall  carbon  nanotubes  were  synthesized  using  the  CCVD  procedure  as  described 
elsewhere8.  After  removing  the  catalyst  support,  a  treatment  in  concentrated  HN03-H2S04 
solution  was  proceeded  in  order  to  remove  the  metal  particles  and  the  amorphous  carbon 
matter.  Upon  this  treatment  the  ends  of  the  nanotubes  became  opened.  It  is  also  probable  that 
the  structural  imperfections  in  the  outer  shells  of  MWNTs  were  closed  by  hydroxyl,  carboxyl 
or  carbonyl  groups.  A  portion  of  this  product  was  then  heat  treated  at  different  temperatures 
for  several  hours  in  order  to  anneal  the  oxygen  containing  groups  and  to  enhance  the 
graphitization  of  the  shells. 

The  TEM  images  reveal  the  presence  of  carbon  nanotubes.  There  was  no  significant 
difference  between  the  samples.  The  XRD  patterns  of  the  samples  show  substantial  changes. 
Heat  treated  nanotube  samples  have  a  more  intense  reflection  than  that  of  the  original  sample. 

The  binary  solvent  adsorption  isotherm  of  the  original  sample  is  characteristic  of  a 
material  having  rather  hydrophilic  character.  The  adsorption  excess  of  ethanol  is  in  the 
positive  range  and  only  a  small  hydrophobic  part  is  seen  at  high  ethanol  concentrations,  near 
to  1  mole  fraction  of  ethanol.  Oppositely,  the  isotherms  of  heat  treated  matters  show  much 
broader  concentration  range  where  the  line  goes  into  negative  range  indicating  that  the 
hydrophobic  surface  portion  has  been  increased. 

In  our  study  a  report  is  given  on  the  binary  solvent  mixture  adsorption  on  MWNTs  in 
order  to  determine  the  hydrophilic/hydrophobic  ratio.  Furthermore,  the  samples  were 
analyzed  by  infrared  (1R)  spectroscopy,  XPS  and  X-ray  diffraction  (XRD)  as  well.  The 
developed  method  is  able  to  determine  the  hydrophilic/hydrophobic  ratio  of  bulk  nanotube 
samples  which  ratio  correlates  with  other  easily  measurable  physical  properties. 
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PRODUCTION  OF  CARBON  NANOTUBE  JUNCTIONS  BY  CHEMICAL 

METHOD 
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The  preparation  of  carbon  nanotube  junctions  was  achieved.  Carboxyl  groups  were 
generated  onto  the  outermost  wall  of  multiwall  carbon  nanotubes  and  converted  to  carbonyl 
chloride  groups  by  reaction  with  SOCI2  at  room  temperature.  The  formed  COCI  groups  are  very 
reactive  on  the  outer  surface  and  can  be  reacted  easily  with  various  amines,  particularly  diamines 
resulting  in  the  formation  of  amide  bonding.  When  two  functionalized  carbon  nanotubes  react 
with  such  a  diamine  molecule  interconnection  of  tubes  is  generated.  The  resulted  carbon 
nanotube  junctions  have  been  investigated  by  TEM  and  AFM. 


Figure  1  Formation  mechanism  of  nanotube  junctions 


The  basic  reactions  depicted  above  in  Figure  1  while  in  Figure  2  the  real  nanotube 
junctions  can  be  seen. 
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Figure  1:  Nanotube  junctions  and  overlying  sections 


We  describe  a  procedure  for  preparation  of  multiwall  carbon  nanotube  junctions  applying 
chemical  reactions  where  well  graphitised  carbon  nanotube  junctions  were  obtained. 
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Nanometer-scale  structures  were  fabricated  by  anodic  oxidation  using  atomic 
force  microscope  (AFM)  on  Si  and  various  3d-metal  compounds.  Recently  we 
reported  the  results  of  direct  current  monitoring  during  oxidation  process  [1,2]  and 
humidity  effects  on  nano-oxidation  [3],  which  are  necessary  for  achieving  further 
understanding  of  kinetics  and  precise  control.  Faradaic  current  during  anodic 
oxidation  is  detected  in  the  pA  order  for  an  H-passivated  Si(001)  sample  in  the  sample 
bias  voltage  range  of  5-10  V  and  humidity  range  of  40-70  %.  Fig.  1  shows  detected 
current  during  applying  a  sample  bias  voltage  of  10  V  for  10  s  at  various  RH.  It  flew 
immediately  after  applying  voltage  of  5  V  and  above  and  decreased  with  time  according 
to  the  progress  of  oxidation.  The  total  current  flow  by  means  of  integration  the 
current-time  curve  agrees  well  to  the  estimation  current  from  the  volume  of  fabricated 
dot  (Fig.  2).  The  detected  current  curves  well  reflect  the  essential  oxidation  reaction. 
Additionally,  current  detection  experiments  were  carried  out  in  parallel  with  force  curve 
measurement  and  in  non-contact  mode.  These  experiments  are  useful  to  know  the 
behaviour  of  meniscus  and  results  will  be  discussed  as  well. 

As  one  possible  direction  of  progress  in  anodic  oxidation,  variation  of  subject 
material  means  an  expansion  toward  new  possibilities  on  nanodevices  [4]. 
Ferromagnetic  3d-metal  compounds  and  alloys  are  good  candidates  as  samples  since 
these  materials  have  potential  of  technological  applications  in  spin-polarized  electron 
transport  devices.  Local  anodic  oxidation  will  fabricate  nano-dots  and  nano-structures 
with  required  size  and  shape  at  target  points  on  such  materials.  It  suggests  realizable 
possibility  of  ultra  high  density  storage  devices.  The  suitable  anodic  oxidation 
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processing  conditions  depend  on  subject  materials.  Especially  the  suitable  tip  speed 
and  humidity  varied  strongly  according  to  materials.  These  parameters  directly 
reflected  the  stability  of  meniscus  between  the  tip  and  the  sample,  which  due  to 
roughness  and  hydrophilicity  of  each  surface.  Change  of  magnetism  after 
nano-processing  will  be  discussed  based  on  MFM  observation. 

This  work  was  partly  supported  by  NEDO  under  the  Nanotechnology  Materials 
Program. 
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Fig.  1 :  Current  during  dot  fabrication  on  H-Si(OOl)  Fig.  2:  Detected  current  during  10  s  dot 
at  10  V  for  10  s  with  various  humidity.  fabrication  at  various  RH  and  Vs. 


Fig.  3:  AFM  image  of  nano  triangles  fabricated  on  Chromium  Oxide. 
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EXCHANGE  COUPLING  IN  Ni/NiO  NANOCOMPOSITES  OBTAINED 

BY  REACTIVE  MILLING 
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Magnetic  nanoparticles  are  the  subject  of  extensive  research  due  to  their  potential  (and 
present)  applications  in  a  variety  of  fields  ranging  from  medicine  to  high  density  magnetic 
recording  [1,2].  Magnetic  nanoparticles  have  been  traditionally  obtained  using  classical 
chemical  routes,  such  as  gas  condensation,  electrodeposition,  or  microemulsion  [2].  In  this 
study,  we  have  used  reactive  ball  milling  under  hydrogen  atmosphere  in  order  to  prepare  Ni  / 
NiO  nanocomposites  by  the  partial  reduction  of  a  NiO  precursor.  By  varying  the  milling 
conditions,  namely,  the  number  of  balls,  the  milling  time,  or  the  milling  charge,  we  are  able  to 
obtain  a  complete  set  of  samples  with  different  Ni  contents.  Their  structural  and  magnetic 
properties  have  been  studied  by  X-ray  diffraction  (XRD)  and  vibrating  sample  magnetometer 
(VSM).  The  structural  parameters  such  as  crystallite  size,  microstrain  and  phase  percentages 
present  in  each  sample,  are  determined  using  quantitative  Rietveld  analysis.  Independently, 
from  VSM  measurements,  using  saturation  magnetization,  the  percentages  of  Ni  have  also 
been  evaluated,  providing  values  in  very  good  agreement  with  the  structural  analysis. 

As  can  be  seen  in  fig.  1,  the  amount  of  Ni  increases  for  larger  milling  energies.  Moreover, 
the  Ni  crystallite  size  increases  with  total  milling  energy,  attaining  a  value  of  around  7  nm, 
while  the  NiO  crystallites  size  decreases  by  40%  for  the  particles  obtained  with  the  highest 
milling  energy  with  respect  to  the  ones  obtained  with  the  lowest  milling  energy  (fig.  1). 

This  system,  consisting  of  ferromagnetic  (FM)  Ni  nanoparticles  embedded  in  an 
antiferromagnetic  (AFM)  NiO  matrix  provides  an  ideal  structure  for  the  study  of  AFM/FM 
exchange  coupling  effects,  i.e.  exchange  bias  [3].  The  main  effects  of  exchange  bias  are  a  shift 
of  the  hysteresis  loops  in  the  field  axis  and  a  coercivity  enhancement  after  field  cooling  the 
system  from  above  the  Neel  temperature  of  the  AFM  [3].  Hence,  the  as-milled  powders  have 
been  field  cooled,  under  vacuum,  from  620  K  (i.e.  above  the  Neel  temperature  of  NiO)  to 
room  temperature  under  a  magnetic  field  of  6kOe.  As  can  be  seen  in  fig.  2,  the  exchange  bias, 
He,  is  found  to  be  larger  for  the  samples  with  a  smaller  amount  of  Ni  while  the  coercivity 
enhancement,  AHc,  is  larger  for  Ni-rich  samples.  These  observations  can  be  correlated  to  the 
structural  parameters  of  the  composites  such  as  size  of  the  crystallites,  which  plays  an 
important  role  in  the  anisotropy  energy  of  the  particles. 
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Figures: 

Fig.  1:  Ni  percentages  (A)  and  crystallite  sizes  (Ni  (•)  and  NiO  (o))  as  a  function  of  the  total 
energy  transferred  to  the  powder  during  milling. 


Fig.  2:  Coercivity,  Hc,  and  absolute  value  of  the  exchange  bias,  |  He  | ,  as  a  function  of  the  Ni 
percentage. 
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Over  the  last  decades,  fine-particle  magnetic  systems  have  attracted  attention  due  to  the 
appealing  properties,  e.g.  coercivity  enhancement  or  tunneling  of  magnetization,  arising  from 
their  reduced  size  and  inter-particle  coupling  [1].  Moreover,  nanoparticles  consisting  of 
ferromagnetic  (FM)  -  anti  ferromagnetic  (AFM)  phases  are  also  being  studied  due  to  their 
novel  magnetic  properties,  e.g.  exchange  bias  [2],  However,  in  this  case,  the  AFM  phases  are 
usually  obtained  by  oxidation  or  sulphuration  of  the  FM  particles,  i.e.  they  are  derived  from 
the  same  transition  metal  as  the  FM  (e.g.  Fe-FeS,  Ni-NiO  or  Co-CoO).  This  severely  limits 
the  types  of  systems  that  can  be  studied.  In  this  study,  a  new  approach  to  synthesize  FM/AFM 
composites,  in  which  the  FM  and  AFM  are  not  derived  from  the  same  transition  metal,  has 
been  carried  out.  High  temperature  reduction  under  hydrogen  atmosphere  of  mixed  oxides  (i.e. 
oxides  of  two  different  transition  metals)  can  result  in  the  selective  reduction  of  one  of  the 
transition  metals  leaving  the  other  in  the  oxidized  state.  Hence,  microstructures  consisting  of 
metal  nanoparticles  embedded  in  oxide  matrices  can  be  obtained.  In  particular,  Cri.gFeo^Os 
powder  was  used  to  obtain  FM  iron  nanoparticles  embedded  in  an  AFM  Cr203  matrix. 
Structural  and  magnetic  studies  were  carried  out  by  transmission  electron  microscope  (TEM), 
X-ray  diffraction  (XRD)  and  vibrating  sample  magnetometer  (VSM),  respectively. 

Shown  in  figure  1  is  a  TEM  micrograph  of  the  as-obtained  particles.  It  can  be  seen  that  the 
particles  are  around  200  nm  in  size  and  they  host  darker  spots  with  sizes  ~10  nm,  which 
correspond  to  the  iron  nanoparticles,  that  are  embedded  in  the  AFM  oxide  matrix. 
Remarkably,  the  size  distribution  of  the  Fe  nanoparticles  is  quite  narrow. 

The  particles  were  field  cooled  from  room  temperature  to  10  K  under  a  field  of  5  T  to 
induce  AFM/FM  coupling  [2].  Hysteresis  loops  were  then  recorded  at  different  temperatures 
(10  K  <  T  <  300  K).  Figure  2  shows  the  evolution  of  exchange  bias,  He,  with-temperature.  At 
low  temperatures,  He  is  about  9  Oe  and  it  decreases  progressively  with  temperature  becoming 
practically  zero  at  room  temperature,  indicating  a  blocking  temperature  around  300  K,  i.e. 
close  to  the  Neel  temperature  of  Cr203.  Moreover,  this  was  accompanied  by  a  coercivity 
enhancement  at  low  temperatures  of  about  70  Oe,  which  is  another  fingerprint  of  the 
FM/AFM  exchange  coupling. 
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Figures: 

Fig.  1:  TEM  micrograph  of  Fe  nanoparticles  embedded  in  a  C^C^  matrix 


Fig.  2:  Temperature  dependence  of  exchange  bias,  He- 
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Noble  metals  nanoparticies  display  fascinating  electronic  and  optical  properties  and 
deserves  a  growing  attention.  They  have  been  proposed  as  ultra  sensitive  new 
reporters  in  biological  assays  [1],  as  building  blocks  for  bottom-up  construction  of 
nanodevices  [2]  and  complex  nanoassemblies  [3]. 

Based  on  an  original  surface  chemistry,  we  have  obtained  a  new  class  of  gold 
nanoparticies  (GNP)  with  particularly  useful  properties.  These  GNP  have  been 
characterised  by  dark  field  microscopy,  optical  and  infrared  spectroscopy.  They  are 
stable  in  biological  buffers  and  in  a  wide  range  of  pH  and  NaCl  concentrations.  We 
have  shown  that  it’s  possible  to  use  classic  biochemical  tools  for  protein  modification 
on  these  particles;  including  size  exclusion  chromatography  and  standard  coupling 
chemistry.  This  opens  the  route  for  new  applications  in  biological  sciences  and 
nanoengineering.  As  an  example,  we  present  preliminary  results  on  a  new  GNP  based 
biosensor  allowing  easy  measurement  of  the  adsorption  of  molecules  onto  a  model 
membrane. 
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Abstract 

We  have  investigated  theoretically  the  shot  noise  of  strongly  correlated  double 
quantum  dot  systems  in  the  regime  where  the  Kondo  effect  and  the  interdot 
antiferromagnetic  exchange  do  compete  [1],  Our  calculations  are  based  on  a 
generalization  to  nonequilibrium  transport  of  the  two-impurity  Anderson  Hamil¬ 
tonian  which  is  solved  by  the  slave  boson  mean  field  theory  [2].  This  mean  field 
approach  together  with  nonequilibrium  Green’s  function  techniques  allow  us  to 
obtain  closed  formulae  for  the  shot  noise  in  the  strong  coupling  regime.  This 
mean  field  approach  has  already  proven  to  be  a  good  starting  point  to  study 
shot  noise  of  Kondo  quantum  dots  in  the  strong  coupling  regime  [3].  Here  two 
configurations  are  considered  for  the  double  quantum  dot:  series  and  parallel. 
When  the  two  quantum  dots  are  in  series,  we  obtain  at  low  voltages,  a  non¬ 
monotonic  behavior  of  the  Fano  factor,  as  a  function  of  the  interdot  tunneling 
coupling.  When  the  competition  between  the  Kondo  effect  and  the  interdot  an¬ 
tiferromagnetic  exchange  starts  to  play  a  role  this  picture  is  strongly  modified. 
In  a  parallel  configuration,  the  functional  form  of  the  Fano  factor  as  a  function 
of  the  applied  voltage  Kdc  changes  abruptly,  depending  on  whether  the  ratio  be¬ 
tween  the  antiferromagnetic  exchange  constant  J  and  the  Kondo  temperature 
Tk  is  below  or  above  {J/Tf \  )c  ~  2.5.  Below  ( J/Tk)c ,  the  Fano  factor  behaves  as 
in  the  single  quantum  dot  case  (monotonic  dependence  which  saturates  at  large 
voltages).  Above  {J/Tk)c,  the  Fano  factor  exhibits  a  nonmonotonic  dependence 
on  voltage,  with  a  kink  at  eV^c  =  J. 
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THE  PREPARATION  OF  MnZn-FERRITE  NANOPARTICLES  IN  WATER- 
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Magnetic  materials  in  the  form  of  nanoparticles  have  received  special  attention 
because  of  their  unique  magnetic  properties,  which  are  dominated  by 
superparamagnetism.  Superparamagnetic  nanoparticles  with  a  particle  size  of  the 
order  of  10  nm  and  with  a  narrow  size  distribution  can  be  colloidally  dispersed  in  a 
carrier  liquid  to  form  magnetic  fluids.  These  magnetic  fluids  have  the  potential  to  be 
used  in  a  variety  of  modem  technologies:  from  medicine  and  pharmacy  to  electronics 
and  mechanics. 

Precipitation  in  a  water-in-oil  microemulsion  has  been  shown  to  be  a  very  promising 
technique  for  preparing  monodiSpersed,  ultrafme  particles  of  controlled  size  and 
morphology.  In  this  method,  coprecipitation  occurs  in  tiny  droplets  of  water 
embedded  with  a  surfactant,  so-called  reverse  micelles,  which  are  distributed  in  an  oil 
phase.  Water  pools  of  reverse  micelles  act  as  micro-reactors  for  the  synthesis  of  the 
particles,  in  which  the  particle  size  of  the  product  is  controlled  by  the  size  of  these 
pools.  The  size  of  the  reverse  micelles  is  thermodynamically  determined,  in  particular 
by  the  water-to-surfactant  molar  ratio.  The  chemical  reactions,  which  are  very  fast  in 
water  solutions  and  therefore  hard  to  control,  are  controlled  by  a  much  slower  reaction 
between  the  micro  micelles  carrying  different  reactants  in  the  microemulsions.  The 
control  of  chemical  reactions  in  microemulsions  enables  multiple-step  reactions  and 
the  synthesis  of  composite  particles. 

In  this  study,  nanosized,  superparamagnetic  MnZn-ferrite  (Mno.5Zn0.5Fe204) 
nanoparticles  were  prepared  using  synthesis  in  the  water  pools  of  reverse  micelles  in  a 
microemulsion  system  consisting  of  hexanol  as  the  oil  phase,  n-hexadecil 
trimethylammonium  bromide  (CTAB)  as  the  surfactant,  and  an  aqueous  phase  of 
metal  ions:  Fe2+,  Mn2+  and  Zn2+.  The  synthesis  of  the  magnetic  MnZn  ferrite  occurred 
in-situ  in  a  two-step  process.  In  the  first  step,  the  corresponding  hydroxides  were 
precipitated  by  a  microemulsion  containing  a  water  solution  of  the  precipitation  agent 
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tetra-methyl-ammonium  hydroxide  ((CH3)4NOH).  In  this  step,  special  attention  has  to 
be  paid  to  prevent  the  reoxidation  of  Fe2+.  In  the  second  step,  Fe2+  hydroxide  was 
oxidized,  resulting  in  the  formation  of  the  spinel  MnZn-ferrite  product  (Fig.  1).  The 
oxidation  was  performed  by  a  microemulsion  containing  hydrogen  peroxide  (H2O2)  or 
simply  by  oxygen  gas.  The  morphology  and  magnetic  properties  of  the  synthesized 
particles  were  followed  as  a  function  of  the  processing  parameters:  concentration  of 
the  corresponding  ions  or  precipitation  agent  in  the  aqueous  solution,  pH  value  after 
precipitation,  temperature  and  time  of  reaction  and  type  of  oxidation  agent.  Special 
attention  was  paid  to  the  evaluation  of  the  stability  of  the  water  -  CTAB  -  hexanol 
microemulsions  as  a  function  of  temperature  and  the  concentrations  of  the 
corresponding  ions  or  precipitation  agent. 


Fig.  1:  TEM  micrograph  (a)  and  X-ray  diffractogram  (b)  of  the  MnZn-ferrite 
nanopowder,  prepared  in  the  water  -  CTAB  -  hexanol  microemulsion. 
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MONITORING  METAL-INSULATOR  TRANSITION  ON  A  ONE¬ 
DIMENSIONAL  LATTICE  WITH  NONRANDOM  LONG-RANGE 
INTERACTION;  A  UNIVERSAL  PARAMETER  AT  THE 

TRANSITION 
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We  argue  that  the  ratio  of  the  standard  deviation  to  the  mean  of  the  participation  number 
distribution  is  a  universal  parameter  at  a  metal-insulator  transition.  This  finding  allows 
for  monitoring  the  transition  by  studying  scalings  of  the  participation  number  relative 
fluctuation.  The  family  of  curves  of  the  relative  fluctuation  dependence  on  disorder, 
parametrized  by  the  system  size,  has  a  joint  intersection  point  at  the  critical  magnitude 
of  disorder  Ac.  Determining  such  point,  we  study  the  nature  of  quasi-particle  states  of 
one-dimensional  tight-binding  Hamiltonians  with  nonrandom  power-law  inter-site 
coupling,  The  disorder  is  due  to  random  on-site  energies  (uncorrelated 

diagonal  disorder).  At  moderate  magnitudes  of  disorder  (smaller  than  the  band  width), 
the  quasiparticle  states  are  extended,  provided  that  the  interaction  exponent  satisfies  the 
inequalities:  l<p<3/2.  The  system  undergoes  a  localization-delocalization  transition  at 
one  of  the  band  edges  upon  increasing  the  magnitude  of  disorder.  In  particular, 
analyzing  very  large  systems  (up  to  about  6x  1 04)  we  found  that  the  transition  occurs  at 
Ac=l  1.0±0.5Jfor  p=4/3.  For  |u=3/2,  the  only  joint  intersection  point  is  located  at  Ac=0, 
implying  localization  of  all  quasi-particle  states.  These  results  support  previous  findings 
obtained  by  the  supersymmetric  method  for  disorder  averaging  combined  with  a 
renormalization  group  analysis  [1]. 

We  discuss  also  the  mapping  of  localization  problems  in  higher  dimensions  onto  the 
considered  ID  two  parameter  model.  This  mapping  is  based  on  the  appropriate  choice 
'  of  the  interaction  exponent  p.  In  particular,  the  one-dimensional  model  at  p=3/2  is 
equavalent  (from  the  viewpoint  of  the  localization  properties)  to  the  standard  two- 
dimensional  Anderson  model  in  which  the  quasi-particle  states  are  localized  weakly  [2], 
Our  calculation  is  therefore  the  first  direct  numerical  proof  of  the  localized  nature  of  the 
quasi-particle  states  in  2D. 


[1] A.  Rodriguez,  V.  A.  Malyshev,  G.  Sierra,  M.  A.  Martin-Delgado,  J.  Rodriguez- 
Laguna,  and  F.  Dominguez-Adame,  Phys.  Rev.  Lett.  90,  27404:1-4  (2003). 

[2]  E.  Abrahams,  P.  W.  Anderson,  D.  C.  Licciardello  and  T.  V.  Ramakrishnan,  Phys. 

Rev.  Lett.  42,  673  (1979). 
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LOW-TEMPERATURE  DIFFUSION  OF  FRENKEL  EXCITONS 
IN  LINEAR  MOLECULAR  AGGREGATES 
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We  report  the  results  of  a  theoretical  study  of  Frenkel  excitons  diffusion  in  J-aggregates  at 
low  temperatures  (smaller  or  of  the  order  of  the  J-band  width).  We  model  an  aggregate  as  an 
open  linear  chain  with  uncorrelated  on-site  disorder  that  localizes  the  exciton  at  chain 
segments  of  size  small  compared  to  the  chain  length.  Exciton  diffusion  over  the  localized 
states  is  considered  as  an  incoherent  hopping  process;  the  hopping  rates  being  proportional  to 
the  overlap  integrals  of  the  squared  exciton  wave  functions.  The  efficiency  of  diffusion  is 
probed  by  the  exciton  fluorescence  quenching  that  is  due  to  point  traps.  The  trapping  rate  is 
taken  to  be  proportional  to  the  probability  of  finding  an  exciton  at  the  sites  with  traps.  We  use 
the  rate  equation  to  calculate  the  temperature  dependence  of  the  exciton  quenching. 

It  is  shown  that  there  exist  two  regimes  of  the  exciton  diffusion.  At  low  temperatures,  those 
smaller  than  T\  ~  0.25  x  J-band  width,  the  exciton  diffuses  mostly  over  weakly  overlapped 
states  of  the  tail  of  the  density  of  states,  which  determine  the  optical  response  and  form  the  J- 
band.  At  higher  temperatures,  the  diffusion  begins  to  build  up  due  to  the  two-step  hops  via 
higher  states.  This  accelerates  the  exciton  diffusion  drastically,  so  that  the  exciton  can  diffuse 
over  large  distances  during  its  lifetime.  The  higher  states  begin  to  contribute  to  the  diffusion 
at  temperatures  higher  than  about  T\.  However,  the  diffusion  becomes  really  fast  (in  the  sense 
that  the  quenching  rate  becomes  comparable  to  the  spontaneous  emission  rate  of  the 
aggregate)  only  at  temperatures  of  the  order  of  the  J-band  width. 

On  the  basis  of  our  study,  we  discuss  the  experimental  data  on  the  ultra  fast  low-temperature 
exciton-exciton  annihilation  reported  recently  [1], 

References: 
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THERMAL  STABILITY  OF  C60  FULLERENE  DOPED  WITH 
SUBSTITUTIONAL  SILICON  ATOMS 

Pedro  A.  Marcos1.  Marfa  J.  L6pez2  and  Julio  A.  Alonso2 
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Since  the  discovery  of  fullerenes  in  1985  [1],  many  researchers  have  focus  their  interest 
on  the  possibilities  which  these  molecules  offers  from  their  chemistry  point  of  view.  In 
principle  it  was  assumed  that  these  molecules  were  electronically  neutral,  however  it  is 
well  known  their  capacity  to  react  with  different  elements  due  to  their  electrophile 
character.  For  this  reason,  many  new  materials  of  relevant  technological  interest  have 
been  synthesized,  based  on  doping  carbon  structures  using  atoms  of  different  species. 
One  of  the  natural  candidates  used  for  doping  is  silicon,  essentially  due  to  its  similar 
valence  electronic  structure  with  carbon,  and  one  might  expect  an  easy  replacement  of 
carbon  atoms  by  silicon  in  the  fullerene  cage.  On  the  other  hand,  silicon  exhibits 
different  hybridization  capabilities,  which  prevent  from  the  formation  of  fullerene-like 
structures  with  a  few  number  of  atoms.  Moreover,  there  is  large  size  mismatch  between 
carbon  and  silicon,  which  plays  against  a  easy  replacement  of  carbon  by  silicon.  Despite 
of  these  mismatches,  silicon  doped  fullerenes  have  been  extensively  produced  in  a 
experimentally  way  [2,  3]. 

The  study  of  the  thermal  stability  of  substitutional  doped  Ceo  with  silicon  atoms  arises 
from  the  question  of,  how  many  silicon  atoms  are  necessary  to  incorporate  in  a 
substitutional  framework  to  destabilize  the  Ceo  cage?  In  order  to  give  an  insight  about 
the  stability  of  fullerenes  doped  with  substitutional  silicon  atoms,  we  have  simulated  the 
thermal  evolution  of  a  variety  of  C6o  molecules,  replacing  several  carbon  atoms  by 
silicon.  We  have  performed  extensive  molecular  dynamics  simulations,  heating  C6o-mSim 
(/w  =  1-12)  aggregates  from  0  K,  up  to  the  thermal  decomposition  (fragmentation) 
occurs.  The  calculations  have  been  performed  using  a  Density  Functional  Tight  Binding 
model  (DFTB)  due  to  Porezag  and  coworkers  [4],  which  has  been  extensively  used  for 
the  simulation  of  condensed  matter  systems,  as  well  as  for  clusters  and  nanostructures. 
Results  obtained  have  shown  that  there  is  a  clear  correlation  between  the  cohesive 
energy  and  thermal  stability  in  these  clusters.  Stability  decreases  as  larger  the  number  of 
doping  atoms  is.  Localized  liquid-like  behavior  is  also  observed  in  these 
heterofullerenes,  developed  when  silicon  occupies  segregated  positions  at  the  structure, 
weakening  the  cage.  At  the  end  of  simulation,  fragmentation,  controlled  by  an 
autocatalysis  process,  occurs  in  several  channels,  giving  rise  to  monomers,  dimers  or 
trimers  emerging  from  the  whole  structure.  It  is  necessary  to  mention,  on  the  contrary 
one  might  suspect,  that  up  to  twelve  silicon  atoms,  the  fullerene  cage  remains  intact  at 
low  temperatures. 

References: 

[1]  H.W.  Kroto,  J.R.  Heath,  S.C.  O'Brien,  R.F.  Curl,  and  R.E.  Smalley,  Nature,  318  (1985)  162. 

[2]  M.  Pellarin,  C.  Ray,  J.L.  Lerme,  J.L.  Vialle,  M.  Broyer,  X.  Blase,  P.  Keghelian,  P.  Melinon, 
and  A.  Perez,  J.  Chem.  Phys.,  110(1999)6927. 

[3]  l.M.L.  Billas,  F.  Tast,  W.  Branz,  N.  Malinowski,  M.  Heinebrodt,  T.P.  Martin,  M.  Boero,  C. 
Massobrio,  and  M.  Parrinello,  Eur.  Phys.  J.  D,  9  (1999)  337. 

[4]  D.  Porezag,  T.  Frauenheim,  T.  Kohler,  G.  Seifert,  and  R.  Kashner,  Phys.  Rev.  B,  51  (1995) 
12947. 


TNT2003 


September  15-19,  2003 


Salamanca-Spain  407 


Poster 


408 


TNT2003 


September  15-19,  2003 


Salamanca-Spain 


rosier 


ARRAYS  OF  SUB-MICRONIC  PYRAMIDS  AND  HUT  CLUSTERS 
SELF-ORGANIZED  IN  THE  EPITAXIAL  GROWTH  OF  CoCr204 

FILMS 

Ulrike  Liiders,  Florencio  Sanchez,  Beniamin  Martinez,  and  Josep  Fontcuberta 
Institut  de  Ciencia  de  Materials  de  Barcelona  -  CSIC,  Campus  UAB, 

Bellaterra  08193,  Catalunya.  Spain 
E-mail:  fontcuberta@icmab.es 

Self-organized  growth  of  semiconductors  has  attracted  much  attention  in  the  last  decade  due 
to  its  interest  for  nanoscience  as  well  as  promises  of  technological  applications.  However,  the 
self-ordered  growth  of  oxides  has  not  been  yet  much  explored,  in  spite  of  the  renewed  interest 
of  these  materials  in  science  and  technology.  We  have  recently  reported  [1]  the  formation  of 
pyramids  and  hut  clusters  in  epitaxial  ferrimagnetic  CoCr204  (CCO)  films  deposited  by 
sputtering  on  MgALO^OOl).  The  scanning  electron  microscopy  (SEM)  image  shown  in 
Figure  la  illustrates  that  the  islands  are  perfectly  aligned  (according  their  position  and 
orientation)  along  the  <11 0>  crystal  directions.  The  pyramidal  shape,  square  or  hut-cluster 
type)  is  confirmed  with  the  atomic  force  microscopy  (AFM)  images  shown  in  Figures  lb  and 
lc.  Measurement  of  the  island  dimensions  evidenced  the  existence  of  two  island  families 
according  with  their  size,  the  first  family  with  base  dimensions  of  some  hundred  nanometers, 
the  other  one  having  a  smaller  size  but  the  same  pyramidal  shape.  The  bimodal  size 
distribution  is  confirmed  with  both  island  base  width  and  length  dimensions,  and  also  with  the 
island  heights.  The  fact  that  the  islands  do  not  undergo  a  shape  transition  with  size  (even  when 
dimensions  are  above  the  micron)  is  an  outstanding  result,  and  clearly  distinctive  to  the  widely 
studied  semiconductor  pyramids  and  hut  clusters. 

The  measured  angle  between  the  lateral  surfaces  of  the  morphological  structures  and  the  (001) 
surface  is  0~5O-55°,  which  implies  that  the  pyramids  and  hut  clusters  can  be  considered  as 
true  three-dimensional  objects  because  of  their  high  aspect  ratio.  The  measured  angle  also 
strongly  suggests  that  their  surfaces  are  the  spinel  {111}  facets.  Because  the  {111}  surfaces 
are  of  lowest  energy  in  spinels,  anisotropic  surface  energy  is  proposed  as  the  origin  of  this 
unusual  morphology.  Such  thermodynamic  reason  favors  the  growth  of  CCO  pyramids  and 
hut  cluster  to  be  highly  reproducible,  as  confirmed  by  obtaining  them  under  a  broad  range  of 
substrate  temperature  and  also  on  other  substrates  [2].  We  finally  discuss  on  the  possibility  of 
tunability  of  island  density  and  size. 
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Figure  1 :  Topographic  images  of  a  CoCr204  film:  (a)  0°  view  SEM  image,  (b)  60°  view  AFM 
image,  and  (c)  90°  view  AFM  image  of  the  same  area  with  a  height  profile  superposed. 
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PRESSURE  INFLUENCE  ON  HYDROGEN  ADSORPTION  IN 
SINGLE  WALL  CARBON  NANOTUBES 

aA.Anson,  aM.A.Callejas,  aA.M.Benito,  aW.K.Maser,  aM.T.Martinez*. 
aInstituto  de  Carboqulmica,  CSIC,  Cl  Miguel  Luesma  Castan,  4,  50018  Zaragoza,  Spain. 

None  of  the  existing  technologies  for  hydrogen  storage  fulfil  the  requirements  for 
mobile  applications  and  nanostructured  carbons  are  being  investigated  as  potential 
hydrogen  adsorbents.  Hydrogen  adsorption  in  Carbon  Nanotubes  (CNTs)  has  been 
object  of  huge  interest  since  they  are  light,  hollow  and  porous  systems  that  seem  ideal 
candidates  for  hydrogen  storage.  Nevertheless  there  is  a  big  controversy  due  to  the 
dispersion  of  both  theoretical  and  experimental  studies 

In  this  paper,  hydrogen  adsorption  data  on  as-grown  and  modified  Single  Walled 
Nanotubes  in  a  volumetric  equipment  (Quantachrome  Autosorb-1),  and  two  gravimetric 
equipments,  (IGA-001  and  CAHN  TG-2151)  are  reported.  A  range  of  hydrogen 
pressure  from  100  to  50000  mbar  is  covered  and  the  adsorption  data  show  increasing 
hydrogen  adsorption  at  increasing  pressure,  the  adsorption  data  being  far  from  the  DOE 
target  of  6.5  wt.%.  Processes  for  modifying  CNTs  or/and  for  improving  CNTs  yields 
and  production  control  have  to  be  developed  to  reach  higher  hydrogen  storage  capacity. 
Due  to  the  discrepancies  in  the  results  from  different  laboratories  and  different 
techniques,  it  is  interesting  to  note  that  the  results  from  the  three  techniques  are 
compatible. 
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FIELD  EFFECT  TRANSISTORS  BASED  ON  ORGANIC  POLYMERS 
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Conducting  polymers  offer  potential  applications  for  building  cheap  and  flexible  electronic 
devices  such  as  field  effect  transistors  (FETs)  and  light  emitting  diodes  (LEDs).  However,  a 
full  understanding  of  their  electrical  properties  is  complicated  by  their  semi-crystalline  nature. 
Our  work  is  focused  on  obtaining  well-ordered  polymers  in  a  FET  configuration  in  order  to 
improve  the  resulting  mobilities  and  to  further  understand  the  transport  mechanisms. 

The  fabrication  of  the  contacts  was  carried  out  using  electron-beam  lithography  and  a  double 
resist  layer  of  PMMA  on  a  silicon  wafer.  Using  a  shadow  evaporation  technique  the  spacing 
between  the  electrodes  can  be  adjusted  between  5  and  100  nm  (Fig.l).  The  polymers  were 
then  deposited  or  grown  between  the  source/drain  electrodes  and  the  current  was  modulated 
by  applying  a  gate  voltage  (SiC>2,  back  gate). 

Herein,  we  present  different  strategies  used  to  place  the  polymers  on  FET  devices.  First,  the 
transport  properties  of  drop-cast  regioregular  poly(3-hexylthiophene)  are  studied  at  different 
length-scales  as  it  is  known  that  this  polymer  self-organises  into  a  lamellar  structure  showing 
high  mobility  [1].  Another  approach  considered  consists  on  growing  polymers  between  the 
source  and  drain  electrodes  by  electropolymerisation. 
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Fig.  1.  SEM  image  of  gold  electrodes  separated  by  20  nm. 
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FABRICATION  OF  ELECTRON  WAVEGUIDE  DEVICES  IN 
GalnAs/InP  2DEG  USING  NANOIMPRINT  LITHOGRAPHY 
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We  present  fabrication  technology  of  quantum  point  contact  (QPC)  and  three-terminal 
ballistic  junction  (TBJ)  devices  in  GalnAs/InP  heterostructures  using  nanoimprint  lithography 
(NIL).  The  TBJ  is  a  novel  nanoelectronic  device  with  non-linear  electrical  properties  [1,2], 
which  can  be  used  both  for  realization  of  logic  functions  and  in  analogue  applications  [3]. 
Logic  functions,  e.g.  “NAND”  or  inverter,  can  easily  be  implemented  by  interconnecting 
QPCs  and  TBJs  in  a  one  lithography  step.  Previously  we  have  demonstrated  a  functioning 
single  GalnAs/InP  TBJ-device  made  by  NIL  [4,5]. 

In  the  present  work,  we  have  used  NIL  for  fabrication  of  both  single  QPC  and  TBJ 
devices  and  complex  TBJ-based  circuits  in  a  high  mobility  Gao  25lno.7sAs/InP  two- 
dimensional  electron  gas  (2DEG).  The  NIL  stamps  with  QPC  and  TBJ  structures  are 
fabricated  from  SiCVSi  wafers  using  high-resolution  electron  beam  lithography  and  reactive 
ion  etching  of  Si02-  The  sub- 150  nm  stamp  features  are  replicated  into  a  polymer  (PMMA  or 
ZEP  520  resist),  which  is  used  as  a  mask  during  wet  etching.  Polymer  residues  are  removed 
by  plasma  ashing  prior  to  the  etching  process.  We  report  on  optimization  of  the  nanoimprint 
technology  for  making  QPCs  and  TBJs  in  GalnAs/InP  as  well  as  electrical  characterization  of 
the  fabricated  devices. 
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Fig.  1  (a):  SEM  image  of  a  nanoimprint  stamp  with  a  TBJ  device  and  QPC.  The  TBJ  and 
QPC  are  electrostatically  coupled  together.  Fig.  1(b):  a  corresponding  circuit  in  GalnAs/InP 
high  mobility  2DEG  after  NIL  and  wet  etching.  The  lateral  features  of  the  stamp  of  about 
1 50  nm  are  well-reproduced  after  NIL  and  etching. 
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ELECTROCHEMICAL  SYNTHESIS  OF  GOLD-POLYTHIOPHENE 

NANOWIRES 


F.  Plumier,  R.  Flamant,  J.  Delhalle  and  Z.  Mekhalif* 


Facultes  Universitaires  Notre-Dame  de  la  Paix,  Departement  de  Chimie,  Laboratoire 
LISE,  Rue  de  Bruxelles,  61,  B-5000  Namur,  Belgium 
zineb.mekhalif@fundp.ac.be 


Current  miniaturization  trends  in  electronics  have  stimulated  the  development  of 
new  approaches  for  fabricating  electronic  nanostructures.  A  major  problem  is  in  the 
integration  of  classical  lithographic  structures  with  chemically  synthesized  nanoscale 
components  (molecules,  polymers,  nanoparticles,...).  A  more  specific  challenge  is  in  the 
making  of  appropriate  connections  between  the  components.  As  a  contribution  to  this 
goal,  we  report  in  this  work  the  elctrochemical  synthesis  of  gold  nanowires  end-capped 
with  polythiophene  bundles.  For  this  purpose,  we  have  used  polycarbonates  and  alumina 
membranes  as  templates.  Several  characterization  techniques  such  as  X-ray  Photoelectron 
Spectroscopy,  and  Scanning  Electron  Microscopy  are  used  in  this  study. 


Part  of  the  Work  has  been  supported  by  'la  Region  Wallonne,  SYNATEC  convention  N°: 
0014526' 
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COMPARATIVE  STUDY  OF  SELF-ASSEMBLED  MONOLAYERS  OF 
DODECANETHIOL  AND  DODECYL-TRICHLOROSILANE  ON 
REDUCED  AND  OXIDISED  COBALT 

R  .  Flamant,  C.  Tondeur,  Z.  Mekhalif.  J.  Delhalle 

Facultes  Universitaires  Notre-Dame  de  la  Paix,  Departement  de  Chimie 

Laboratoire  LISE 

Rue  de  Bruxelles,  61,  B-5000  Namur  -  Belgium 


The  spontaneous  ordering  of  adsorbates  to  form  self-assembled  monolayers  (SAMs)  is  ^ 
a  phenomenon  with  great  technological  potential.  Through  the  deposition  of  molecules  with 
specific  symmetry  or  functionality,  surfaces  can  be  tailored  for  particular  applications  such  as 
electrodes,  chemical  sensors,  or  corrosion  protection. 

The  presence  of  a  dense  organic  film  at  the  surface  of  an  oxidizable  metal  can 
significantly  decrease  its  corrosion  rate.  This  corrosion  inhibition  depends  more  upon  the 
coating’s  composition  and  structure  and  chemical  bonds  at  the  polymer/metal  interface  than 
upon  its  thickness. 

In  this  contribution  we  will  focuss  on  the  preparation  and  the  characterisation  of  self- 
assembled  monolayers  (SAMs)  formed  by  chemisorption  of  dodecanethiol  on  active  metals 
such  as  cobalt.  The  effect  of  several  preparation  conditions  of  the  surface  upon  the  monolayer 
properties  will  be  shown.  We  will  also  show  how  the  various  steps  involved  in  the  surface 
preparation  influence  the  monolayer  properties.  We  will  particularly  insist  upon  the  influence 
of : 

•  the  electrochemical  reduction  of  the  native  oxide, 

•  the  solvent. 

Comparative  study  will  be  done  with  the  elaboration  of  monolayer  with  the  same  chain  length 
on  oxidised  cobalt  using  the  dodecyl-triclorosilane. 

Stability  of  theses  different  monolayers  will  also  be  discussed. 

X-ray  Photoelectron  Spectroscopy  (XPS),  cyclovoltammetry,  polarisation  curves, 
contact  angle  measurements  and  PM-1RRAS  are  used  for  surface  characterisation. 
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Protection  of  silver  using  self-assembled  monolayers 
for  archaeological  objects  preservation 

F.  Laffineur,  D.  Auguste,  F.  Plumier,  L.  Hevesi*,  J.  Delhalle,  Z.  Mekhalif 

FUNDP, Depart,  de  Chimie,  LISE  and  +  CMO,  61  rue  de  Bruxelles,  5000  Namur,  Belgium 


Silver  was  highly  valued  in  antiquity  because  of  its  lustrous  surface  and  put  to  many 
decorative  uses.  Most  of  these  archaeological  objects  are  in  good  conservation  state  because  of  the 
protecting  effect  of  the  medium  when  buried.  In  fact,  they  reach  equilibrium  with  the  surrounding 
sediment  and,  if  conditions  are  favourable,  they  are  more  or  less  preserved  until  their  discovery. 
Once  extracted  from  their  burial  environment,  this  equilibrium  is  disturbed  and  corrosion  can  occur 
causing  rapid  damages  until  destruction.  In  the  particular  case  of  silver,  the  airborne  gases 
responsible  for  tarnishing  are  hydrogen  sulphite  and  carbonyl  sulphide  [1],  Several  ways  are  easily 
applicable  to  protect  such  objects  : 

treat  the  metal  to  render  its  corrosion  resistance  by  removing  the  element,  which  can 
catalyse  the  corrosion  restart 

-  treat  the  environment  to  suppress  the  corroding  element  by  controlling  the  atmosphere  of  the 
museum  cases  of  by  storing  under  vacuum 

-  isolate  the  object  from  the  environment  with  a  protective  coating 


All  these  solutions  have  some  disadvantages  :  the  first  solution  needs  regular  treatment  of  the 
surface  and  could  be  damageable  for  some  metals,  the  second  is  very  efficient  but  needs 
sophisticated  infrastructures.  The  last  point  concern  especially  organic  coating  but  application  of 
such  coating  is  still  under  investigation  and  not  completely  controlled.  Such  treatment  has  to  fulfil 
several  requests  to  be  used  on  archaeological  objects  :  the  coating  must  be  as  invisible  as  possible 
and  must  be  easily  removable  without  damaging  the  object.  Until  now,  research  in  this  domain  is  still 
important  and  plasma  polymerisation  and  electropolymerisation  are  two  of  the  most  studied  technique 
for  the  formation  of  an  organic  protective  coating  [2,  3],  Such  techniques  needs  sophisticate  materials 
that  is  not  easily  accessible.  An  other  approach  of  the  problem  consist  to  use  self-assembled 
monolayers  (SAM’s)  as  protective  coating.  In  fact,  formation  of  SAM’s  is  widely  studied  on  gold, 
platinum  but  also  on  copper  and  silver  [4,  5]  and  these  thin  films  have  shown  very  interesting 
properties  :  they  could  form  a  very  compact  and  dense  structure  that  protect  the  surface  from  air 
oxidation  but  also  from  aggressive  environment  such  chloride  or  sulphite  containing  solutions. 
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The  self-assembling  of  monolayers  can  be  used  easily,  the  process  is  very  simple  :  after  a 
cleaning  and  activation  step  of  the  surface,  the  sample  is  dipped  in  an  appropriate  solvent  containing 
organothiol  molecules.  The  thiol  functionality  is  particularly  reactive  with  several  metals  such  as 
gold,  copper,  platinum  and  silver  and  a  chemical  bound  is  formed.  Intermolecular  interaction 
promote  the  self-organisation  of  the  assembly  leading  to  a  dense  structure,  pinhole  free  in  the  more 
effective  cases. 


In  this  paper,  two  monolayers  of  different  organothiols  are  studied  and  compared.  These  are  a 
fully  hydrogenated  molecule  :  n-hexadecanethiol  (CH3-(CH2)i5-SH  :  C]6)  and  a  partially 
perfluorinated  molecules  (CF3-(CF2)3-(CH2)i]-SH  :  F4Hn).  Both  monolayers  have  been  self- 
assembled  on  electroreduced  silver  surface  from  a  10‘2M  ethanolic  solution  for  2  hours.  X-ray 
photoelectron  spectroscopy,  infrared  spectroscopy,  contact  angle  allow  to  investigate  the 
composition  and  the  structure  of  the  monolayers.  Electrochemical  impedance  spectroscopy  and 
polarisation  curves  gives  information  on  the  protective  properties.  A  tarnishing  test  has  also  been 
performed  in  NaCl  (0.5  M)  solution  containing  Na2S  (20mM).  The  substrates  have  been  dipped  form 
30  min  in  the  solution  and  then  let  react  with  atmosphere  for  5  minutes  before  observation.  It  appears 
that  introducing  a  fluorinated  segment  introduce  a  small  disorganisation  within  the  monolayer  but 
nevertheless,  good  protection  has  been  observed.  Tarnishing  of  silver  is  suppress  by  the  presence  of 
the  monolayer  in  both  cases  as  observed  in  the  following  pictures. 


C)6  coated  silver  Uncoated  silver 


F4H|i  coated  silver 
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MODELLING  THE  ELECTRONIC  PROPERTIES  OF 
FUNCTIONALIZED  CARBON  NANOTUBES 

Manuel  Melle-Franco  and  Francesco  Zerbetto 
Dipartimento  di  Chimica  G.  Ciamician 
Universita’  degli  Studi  di  Bologna 
Italy 

In  order  to  increase  their  processibility  in  solution,  carbon  nanotubes  must  be 
functionalized.  The  process,  however,  saturates  a  number  of  trivalent  carbon  atoms  and 
therefore  affects  the  electronic  properties  of  these  systems.  Here  we  combine  Density 
Functional  Theory  and  Tight  Binding  calculations  to  investigate  which  functionalization 
conditions  minimize  or  maximize  the  alteration  of  the  electronic  properties. 
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STM/STS  ON  SELF-ORGANIZING  3D  HYBRID  NANOSTRUCTURES 

Elena  Mena-Osteritz  and  Peter  Bauerle 
Dept.  Organic  Chemistry  II,  University  ofUlm,  89081-Ulm,  Germany 
E-mail:  elena.mena-osteritz@chemie.uni-ulm.de 


The  well-defined  molecular  structure  of  ^-conjugated  linear  and  macrocyclic  Thiophenes  [1] 
allows  their  self-organization  on  substrates.  Moreover  the  semi  conducting  properties  of  such 
a  family  of  organic  compounds  make  possible  their  employment  as  components  for  coming 
nanoelectronic  devices  and  as  modular  building  blocks  for  the  assembly  of  new  materials  and 
supramolecular  chemistry.  However,  the  assembly  of  molecular  materials  in  nanoscale 
architectures  will  be  a  crucial  step  for  the  future  molecular  scale  electronics. [2]  The  toroidal 
structure  that  such  macrocycles  show  can  represent  intriguing  “molecular  circuits”  which 
would  additionally  include  sites  for  recognition  and  selective  complexation. 

In  this  contribution  we  will  present  the  different  2D-arrangements  of  the  macrocycles  at  the 
liquid/HOPG  interface  revealed  by  in-situ  scanning  tunneling  microscopy  (STM).  The 
construction  of  well-ordered  hybrid  nanostructures  (organic/inorganic  and  organic/metallic)  in 
the  third  dimension  will  be  presented.  The  constructed  nanostructures  will  be  analyzed  with 
the  help  of  theoretical  calculations  and  MO  analyses.  By  means  of  STM,  we  also  investigated 
epitaxy  and  interactions  of  some  of  these  hybrid  superstructures,  like  C60/Cyclo[/2]thiophe- 
ne,  in  a  perfect  2D  and  3D  crystalline  “complex”-monolayer.  STM  and  STS-analyses  of  the 
specificity,  dynamics  and  electric  properties  of  the  3D  nanostructures  will  be  also  discussed. 
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CHARACTERISATION  AND  CHEMICAL  PATTERNING  OF 
N02-TERMINATED  SELF-ASSEMBLY  MONOLAYERS  ON 

Si/Si02 

Paula  Mendes.f  Susanne  Jacket  Jose  Plaza,*  Kevin  Critchley/  Stephen  Evans/  Yu 
Chen,*  Richard  Palmer.*  Jon  A.  Preece+ 

f  School  of  Chemical  Sciences,  University  of  Birmingham,  Edgbaston,  Birmingham 

B15  2TT,  U.K. 

*  Nanoscale  Physics  Research  Laboratory,  School  of  Physics  and  Astronomy, 
University  of  Birmingham,  Edgbaston,  Birmingham  B15  2TT,  U.K. 

J  Department  of  Physics  and  Astronomy,  University  of  Leeds,  Leeds  LS2  9JT,  U.K. 

E-mail:  i.a.preece@bham.ac.uk  . 

The  development  of  easy,  rapid  and  efficient  techniques  for  the  two-dimensional 
patterning  of  materials  on  surfaces  is  of  great  importance  in  modern  science  and 
technology  [1].  Furthermore,  many  emerging  nanotechnological  applications  rely  on 
the  development  of  well-defined  surfaces  functionalised  with  submonolayer 
coverages  of  complex  organic  molecules  [2].  A  particularly  promising  trend  is  the 
exploitation  of  self-assembled  monolayers  (SAMs)  as  ultrathin  resists  in  combination 
with  electron-beam  lithography  [3-5]. 

In  this  study,  we  have  investigated  the  formation  of  SAMs  of  3-(4-nitrophenoxy)- 
propyltrimethoxysilane  (NPPTMS)  on  silicon  (Si/Si02)  wafers  and  whether  they  can 
produce  uniform  and  thin  monolayers.  Important  aspects  concerning  the  experimental 
conditions  of  SAM  formation,  including  effects  of  solvent,  time  and  the 
environmental  conditions  were  analysed.  Our  results  are  documented  by  contact  angle 
measurements,  ellipsometry,  atomic  force  microscopy  (AFM)  and  X-ray 
photoelectron  spectroscopy  (XPS).  After  formation  of  nitro-terminated  SAMs  on 
Si/Si02.  scanning  electron  microscopy  (SEM)  can  be  used  to  induce  the  conversion  of 
the  NOt  moiety  to  the  NH2  functionality  in  order  to  pattern  the  sample,  using  either  a 
mask  or  direct  e-beam  writing. 
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LARGE  AREA  INEXPENSIVE  COLD  CATHODES  BASED  ON  DOPED 
CARBON  NANOTUBES  -  POLYSTYRENE  COMPOSITES 

E.  Mendoza.  C.H.P.  Poa,  G.Y.  Chen,  W.  K.  Hsur,  S.  R.  P.  Silva 
Advanced  Technology  Institute,  University  of  Surrey,  Guildford,  Surrey,  GU2  7XH,  United 

Kingdom 

*  School  of  Chemistry,  Physics  and  Environmental  Science,  University  of  Sussex  ,  Brighton, 

BN1  9QJ,  United  Kingdom 

E-mail:  e.mendoza@surrev.ac.uk 

The  presence  of  a  high  chemical  stability,  good  mechanical  properties  and  high  aspect  ratio 
(>1000  for  10  -  50nm  carbon  nanotubes)  have  made  carbon  nanotubes  (CNTs)  a  strong 
candidate  as  an  electron  field  emitter[l].  Although,  the  physical  attributes  of  CNTs  are  ideally 
suited  for  field  emission  applications,  its  incorporation  into  a  three  terminal  structure  has 
technologically  been  challenging.  This  is  exacerbated  by  the  need  of  pre-defined  pixilated 
cathodes  fabricated  over  large  areas.  In  this  paper  we  introduce  a  methodology  that  avails 
itself  to  screen  printing  and  even  spray  coating,  with  the  little  effects  to  the  detriment  of  the 
cathode  properties. 

There  are  many  techniques  that  can  be  used  to  produce  single  walled  carbon  nanotube 
(SWCNTs)  or  mutiwalled  carbon  nanotubes  (MWCNTs).  Arc  discharge,  laser  ablation  and 
chemical  vapor  deposition  (CVD)  are  well  established  to  produce  a  wide  varity  of  CNTs  [2- 
5].  These  techniques  provide  independent  control  of  the  size,  height  and  density  of  MWCNTs 
by  means  of  transition  catalyst  on  the  substrates  [6,7].  However,  these  methods  do  not 
produce  the  large  area  deposits  needed  for  cold  cathodes  for  displays,  and  fabrication  can  be 
time  consuming  and  expensive.  One  cheap  and  efficient  method  is  by  mixing  CNTs  with 
polymer  to  produce  field  emission  devices. 

In  this  work,  the  preparation  and  field  emission  characteristics  of  nonaligned  MWCNTs  - 
polymer  matrix  composites  will  be  discussed.  The  MWCNTs  are  produced  by  arc  discharge 
technique.  After  the  synthesis  and  purification,  the  MWCNTs  were  mixed  in  polystyrene  and 
toluene  to  produce  the  polymer  composites.  The  resulting  composites  have  been  characterized 
by  electron  microscopy  showing  an  homogeneous  distribution  on  non-aligned  MWCNTs. 

Electron  field  emission  properties  of  these  composites  will  be  presented  for  different 
concentration  of  MWCNTs  in  the  polymer  matrix,  and  the  effect  of  different  dopants  such  as 
Boron  and  Nitrogen  will  be  discussed.  These  results  show  that  the  geometrical  screening 
effects  are  the  key  issue  on  field  emission  from  these  types  of  composites. 
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Figures: 


Figure  1 .  SEM  images  of  the  nanotube  composite  film,  (a)  Top  view  of  the  sample  showing  nanotubes 
protruding  from  the  film,  (b)  Cross-sectional  view  of  the  nanotube  composite  film. 
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ULTRA  HIGH  SPEED  SCANNING  PROBE  MICROSCOPY 

A.D.L.  Humphris,  J.K.  Hobbs  and  M.J.  Miles 
H.H.  Wills  Physics  Laboratory,  University  of  Bristol,  Tyndall  Avenue,  Bristol,  BS8 

1TL,  United  Kingdom 
http://spm.phv.bris.ac.uk 

The  ability  to  follow  processes  at  the  nanometre  scale  in  situ  in  air  and  liquid  in  real 
time  is  one  of  the  major  advantages  of  scanning  probe  microscopy  (SPM).  However, 
unlike  far  field  imaging  methods  that  collect  data  in  a  parallel  fashion,  due  to  the 
scanning  nature  of  SPM,  it  is  necessary  for  the  image  to  be  collected  one  pixel  at  a 
time,  line  by  line  in  series,  thus  severely  limiting  the  rate  at  which  an  image  can  be 
obtained.  Typically,  a  conventional  atomic  force  microscope  (AFM)  will  take  from  10 
seconds  to  a  few  minutes  to  acquire  an  image,  much  slower  than  the  millisecond 
timescales  typical  of  macromolecular  processes,  due  to  the  relaxation  time  of  the 
molecules.  Other  applications  of  SPM  are  limited  by  low  acquisition  rates  including 
data  storage  and  nanolithography.  The  burgeoning  area  of  nanotechnology  and  nano 
length  scale  devices  requires  a  scanning  probe  instrument  that  can  address  a  surface  at 
significantly  increased  rates  compared  to  existing  methods. 

In  an  attempt  to  significantly  increase  image  acquisition  rates,  efforts  have  recently 
focused  on  increasing  the  response  time  of  an  atomic  force  microscope  (AFM) 
cantilever  by  decreasing  its  mass  and  incorporating  a  separate  z-piezo  transducer  on 
the  cantilever.  Optimisation  of  these  approaches  has  achieved  scan  times  of 
considerably  less  then  one  second  and  now  the  ultimate  image  acquisition  rate  is 
limited  by  the  rate  at  which  the  probe  can  mechanically  address  the  surface  of  interest. 

In  this  presentation,  a  new  form  of  scanner  that  enables  the  probe  to  address  the 
surface  using  a  mechanical  resonance  of  the  scan  system  will  be  described.  Using  this 
Resonant  Scanner,  we  have  developed  a  scanning  near  field  optical  microscope 
(SNOM)  that  is  capable  of  scan  speeds  of  1 50  mm/second  producing  images  of  an 
area  20|im2  in  less  than  10ms,  i.e.  over  100  frames/second.  Information  to  construct 
each  image  is  collected  at  a  rate  of  ~0.5GB/second  and  processed  using  a  field 
programmable  gate  array  (FPGA)  enabling  a  real  time  presentation  of  the  image  to  the 
operator. 

Recently  the  Resonant  Scanner  has  been  implemented  in  an  atomic  force  microscope 
and  similar  capabilities  to  those  of  the  SNOM  describe  above  demonstrated. 

The  presented  microscopes  are  over  1000  times  faster  than  a  commercial  SNOM  and 
approximately  10  times  faster  than  the  highest  frame  rate  previously  achieved  using 
any  SPM  technique.  This  is  the  first  time  a  mechanical  resonance  has  been  used  to 
scan  a  surface  and  demonstrates  the  step  like  improvement  in  the  acquisition  rate  of 
SPM  necessary  if  these  techniques  are  to  deliver  the  capabilities  sought  by  the 
advancing  fields  of  biotechnology  and  nanotechnology 


TNT2003 


September  15-19,  2003 


Salamanca-Spain  431 


Poster 


432 


TNT2003 


September  15-19,  2003 


Salamanca-Spain 


rosier 


ZnO  NANOPARTICLES  OF  CONTROLLED  SIZE  AND  SHAPE 
THROUGH  A  NOVEL  ORGANOMETALLIC  METHOD 

Miguel  Monge,  Myrtil  L.  Kahn,  Andre  Maisonnat,  Bruno  Chaudret 

Laboratoire  de  Chimie  de  Coordination  du  CNRS,  205,  route  de  Narbonne,  31077 

Toulouse  Cedex  04,  France. 

ZnO  is  a  wide  band  gap  semiconductor  (3.37  eV)  that  also  displays  interesting 
photoluminescent  properties.  In  the  past  few  years,  the  seek  of  well  controlled  ZnO 
nanomaterials  [1]  has  prompted  the  researchers  to  the  development  of  new  methods  for 
the  synthesis  of  such  kind  of  nanostructures  involving  physical  [2]  or  chemical  [3] 
techniques.  Thus,  among  the  chemical  methods  for  the  synthesis  of  nanoparticles,  the 
organometallic  route  used  in  our  research  group  presents  several  advantages  as  (i)  the 
mild  reaction  conditions  that  allows  the  control  of  size  and  dispersity  and  (ii)  the  clean 
reaction  conditions  that  lead  to  uncontaminated  surface. 

Going  further,  previous  synthetic  strategies  for  the  synthesis  of  metal  oxides 
from  organometallic  precursors  involved  a  two-step  approach:  (i)  formation  of  metal 
nanoparticles  from  the  organometallic  precursor  and  (ii)  oxidation  of  the  metallic 
nanoparticles.[4,5]  In  these  sense  we  have  developed  a  new  one-step  method  for  the 
preparation  of  metal  oxides  taking  into  account  that  most  organometallic  complexes  are 
air-sensitive  and  decompose  exothermically  in  air.  Indeed,  in  the  presence  of  stabilizing 
long  alkyl  chain  amine  ligands  we  can  control  the  size  and  shape  of  the  metal  oxide 
nanoparticles  when  the  organometallic  precursor  [ZnCy2]  (Cy  =  Cyclohexyl)  is  exposed 
to  02. 


Depending  on  the  nature  and  concentration  of  the  stabilizing  ligand  in  solution, 
the  overall  concentration,  the  oxidation/evaporation  rate,  the  solvent  and  the 
temperature  (mostly  room  temperature)  we  have  been  able  to  achieve  crystalline  ZnO 
nanoparticles  of  small  size  (from  2.5  to  35  nm)  with  different  shapes  as  regular  disks  or 
rod-like.  In  Figure  1  we  show  some  examples  of  ZnO  amine  capped  nanostructures. 
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Figure  1.  Some  TEM  micrographs  of  different  ZnO  amine  capped  nanostructures  obtained  from  the 
oxidation  of  the  organometallic  precursor  [ZnCy2]:  a)  very  slow  oxidation  (2  weeks)  in  Tetrahydrofurane 
(THF)  as  solvent  with  1  equivalent  of  Hexadecylamine  (HDA)  as  stabilizing  amine,  b)  oxidation  in 
Heptane  as  solvent  with  1  equivalent  of  HDA  as  ligand,  c)  oxidation  in  THF  with  1  equivalent  of 
Octylamine  (OA)  as  ligand,  d)  oxidation  without  solvent  using  2  equivalents  of  OA  as  stabilizing  ligand, 
e)  oxidation  without  solvent  using  2  equivalents  of  Dodecylamine  (DDA)  as  ligand.  0  oxidation  without 
solvent  using  1  equivalent  of  HDA  as  ligand. 
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CHARGE  AND  DISCHARGE  DYNAMICS  IN  SILICON  NANO¬ 
CRYSTALS  :  A  DIRECT  CONSTANT  CAPACITANCE  APPROACH 
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Institut  de  Microelectronique,  Electromagnetisme  et  Photonique 
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With  the  recent  development  of  a  new  generation  of  non  volatile  memories  (NVM)  using  floating  gates  made  of 
silicon  nano-crystals  (Si-nc)  in  place  of  a  compact  poly-Si  layer  embedded  in  the  MOS  gate  oxide  [1],  the 
problem  of  how  to  control  charge  and  discharge  Si-nc,  the  voltage  required  to  do  so,  the  write/erase  speeds  (or 
times),  the  retention  time  and  the  control  of  the  subsequent  sub-threshold  MOS  leakage  current  controlled  by  the 
registered  charges  in  the  Si-nc  layer,  are  prominent  factors  to  be  determined  with  accuracy  [2,3].  Below,  we 
describe  and  apply  a  new  method  for  evaluating  the  charge  retention  dynamic  properties  of  Si-nc  embedded  in 
the  gate  oxide  of  MOS  capacitors  (MOSC).  The  method  is  applicable  to  MOS  transistors  gate  capacitances,  as 

(a)  y  (b)  Capacitance 

The  MOSC  studied  here  is  sketched  Fig.  la.  ^  ?  r  t  Discharged  f 

The  detailed  structures  were  described  in  a  Oxide  Charged  with 

previous  paper  [4],  The  principle  of  operation  is  ooooocoo  '  \\  ^'electrons 

based  on  the  fact  that  when  the  MOSC  is  Charged  ^*\\\. 

subjected  to  a  large  positive  (or  negative)  u  strate  *  with  holes 

voltage  stress  for  sufficient  time,  electrons  (or  _2v  OV  05V 

holes)  from  the  oxide/substrate  interface  are  Fig  I  :  (a)  NVM-MOSC  structure  and  (b)C(V) 

injected  into  the  Si-nc  layer  and  remain  there 
until  stress  is  removed.  The  result  of  this  is  a 
shift  without  deformation  of  the  MOSC  . 
capacitance  along  the  voltage  scale  towards  Reference  CfV' 

positive  (or  negative)  voltages,  as  illustrated  in  recordeTbefore  stress  C(V)  at  a  given  time 

Fig.  1  b.  We  chose  a  capacitance  C0  (preferably  \ 

close  to  the  flat  band  voltage  capacitance  in  r 

order  to  maximise  the  effect  of  the  Si-nc  0  r\~  rv 

charge)  and  as  Si-nc  begin  to  release  their  \, 

charges  in  the  substrate  (after  stress  removal),  V 

we  adjust  the  voltage  to  be  applied  to  the  \  j  \ 

MOSC  in  order  to  maintain  the  measured  \  \ 

capacitance  at  Co-  This  was  performed  with  a  \  \ 

home-made  code  used  in  a  LabVIEW™  [*“] 

environment.  It  monitors  the  voltage  versus  V0  Vaux  Vsup  Vsmrt 

time  and  performs  capacitance  measurements  - - - ►  Vg 

with  a  HP  4284A  LCR  metre.  The  way  in  c.  -  ,,  „ 

Fig.  2  :  Voltage  correction 

which  the  voltage  shift  is  extracted  from  the 
voltage  change  is  illustrated  in  Fig.  2.  It  takes  in 

account  the  fact  that  during  the  acquisition  and  '  ~  . . . 

treatment  times  of  registered  data,  discharge  -o.esvr  H  — _ _  j 

continues  and  voltage  slightly  changes.  A  with  si-nc -r.er  -  posiitve 

formula  based  on  the  recorded  Vstart  and  Vslop  f7™ 

.it  •  i  i  r  *°  '3V  without  Si-nc  after  positive 

voltages  enables  voltage  correction.  In  order  to  ««  _ ,nd negative  stress 

do  so,  a  file  containing  the  uncharged  MOSC  >]0’?6v 

reference  capacitance  C(V)  is  required  before  - - - 1 

the  initial  stress  session,  while  the  other  part  of  -orwl , 1 '  wim  si-nc  after  a  negative  stress 

the  code  monitors  the  applied  voltage  so  that  -o'eivj 

the  measured  capacitance  Cmeas(t)  approaches  _ _ _ _ .j 

C0  at  each  step.  Let  V0  be  the  voltage  at  which  Cs  60s  12C5Time1C0s  240E  3005 

C(V0)=C0,  we  have  Vslop=Vstan+(V0-Vaux), 

where  V2UX  is  just  the  voltage  at  which  we  have  Fig.  3  :  Vg(t)  with  error  bars  transferred  from  the  Cmeas(t)-C0. 
f^stan- L( Vaux),  and  C(Vst0p)— Co  of  course. 

Voltage  is  monitored  with  a  constant  step.  Three  steps  are  currently  needed  for  sufficient  accuracy  of  the  voltage 
shift.  The  three  stages  of  the  process  are:  i)  a  C(V)  recording;  ii)  a  stress  phase;  iii)  a  monitoring  phase  where 
measurement  is  performed. 


Fig.  2  :  Voltage  correction 


with  Si-nc  after  a  positive  stress 


without  Si-nc  after  positive 
and  negative  stress 


with  Si-nc  after  a  negative  stress 


Fig.  3  :  Vg(t)  with  error  bars  transferred  from  the  C„ 
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Fig.  3  compares  the  results  obtained  during  the  discharging  of  two  MOSC,  one  with  Si-nc  and  another  without 
Si-nc,  used  as  a  reference.  The  case  with  Si-nc  clearly  shows  that  the  amount  of  charges  stored  in  the  Si-nc  has  a 
great  influence  over  the  discharging  speed.  Indeed,  discharging  is  initially  faster,  and  tends  to  slow  down  for 
longer  times.  This  can  be  explained  by  the  configuration  of  the  electric  field  in  the  tunnelling  oxide,  as  it  evolves 
with  the  discharging  of  the  Si-nc,  and  the  fact  that  tunnelling  controls  the  movement  of  the  charges  across  the 
dielectric  barrier  in  both  directions. 

Curves  fits  with  yO+Al.exp(-t/tl)+A2.exp(-t/t2)  are  shown  in  Fig.4.  The  presence  of  a  different  constant  value 
yO  and  different  time  constants  for  a  positive  or  a  negative  stress  voltage  proves  that  the  implied  charges  are  not 
the  same  :  electrons  for  a  positive  stress  and  holes  for  a  negative  one. 
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Fig.  4  :  Fits  of  positive  (1)  and  negative  (2)  stress  in  linear  scale  (a)  and  logarithm  scale  (b) 


In  this  paper  we  will  further  explain  this  specific  constant  capacitance  measurement  method  we  have  developed. 
We  will  show  the  advantages  it  gives  to  have  a  better  understanding  on  the  storage  properties  and  on  the  charge 
and  discharge  mechanisms  of  devices  that  include  silicon  nanodots  as  an  active  part.  A  physical  model  will  be 
proposed  to  explain  the  observed  phenomena. 
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GROWTH  OF  CARBON  NANOTUBES  BY  LOW-  AND  HIGH- 
PRESSURE  CHEMICAL  VAPOR  DEPOSITION 
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Carbon  nanotubes  (CNTs)  attract  much  attention  since  their  discovery  in  1991  [1]  due  to  exceptional 
mechanical,  electrical  and  optical  properties  and  potential  applications  [2,3].  For  the  CNTs  growth,  a 
number  of  methods  was  developed,  including  arc-discharge,  laser  ablation  and  different  versions  of 
chemical  vapor  deposition  (CVD).  CVD  methods  have  certain  advantages  over  other  ones  as  they 
provide  a  way  for  controlled,  directional  growth  of  both  single-walled  and  multi-walled  CNTs.  In  the 
present  work,  preliminary  results  of  CNTs  synthesis  using  two  different  catalytic  CVD  techniques 
(plasma-enhanced  low-pressure  CVD  and  atmospheric-pressure  thermal  CVD)  are  presented.  Multi- 
walled  CNTs  with  tube  diameters  ranging  from  about  10  to  100  of  nanometers  were  obtained  and 
analyzed  using  high-resolution  scanning  electron  microscopy. 

In  the  present  work,  thin  Ni  films  (1-40  nm  thick)  were  used  as  a  catalyst  material.  For  the  film 
growth,  high-vacuum  electron-beam  thermal  deposition  was  employed.  After  deposition,  the  films 
were  thermally  treated  (-700°  C)  in  a  nitrogen  or  hydrogen  atmosphere  to  provide  formation  of 
separate  catalyst  nanoparticles.  As  substrates,  Si  wafers  were  used  previously  covered  by  thin  (50  nm) 
oxide  films.  The  oxide  films  are  necessary  to  avoid  the  catalyst  diffusion  into  the  Si  substrate  during 
high-temperature  processing.  CTNs  synthesis  was  realized  in  two  different  reactors.  The  first  one  uses 
a  low-pressure  microwave  plasma  source,  with  low-pressure  (-ITorr)  nitrogen-acetylene  gas  mixtures. 
Samples  are  heated  up  to  -550-700  °  C  by  a  halogen  lamp  heater.  In  the  second  reactor,  the  flowing 
gas  mixture  and  samples  are  heated  in  a  resistive  heating  oven  to  temperatures  up  to  900°  C. 
Atmospheric  pressure  methane-hydrogen  based  mixtures  were  used  in  this  case.  After  synthesis,  the 
samples  were  examined  using  high-resolution  scanning  electron  microscopes  JSM-5900LV  and  JSM- 
6330F  of  the  LME/LNLS,  Campinas. 

Fast  CNT  growth  was  obtained  in  both  reactors.  The  process  appears  to  depends  critically  on  the 
catalyst  film  thickness.  For  thicker  Ni  films,  large  diameter  (up  to  100  nanometers)  tubes,  apparently 
with  high  content  of  amorphous  carbon  were  deposited.  For  thin  catalyst  films,  it  was  possible  to  grow 
long  (up  to  30  pm,  with  the  growth  rate  up  to  1  -  2  pm/min)  CNTs.  The  CNTs  with  diameters  as  small 
as  -10  nm  were  obtained.  In  many  cases,  small  catalyst  particles  were  detected  at  the  tip  of  the  tubes. 
This  suggests  that  the  tip  growth  mechanism  is  likely  to  be  responsible  for  the  CNTs  synthesis  under 
the  present  conditions.  In  the  high-pressure  CVD,  higher  temperatures  were  needed  to  obtain  CNTs. 
For  higher  temperatures,  it  was  possible  to  obtain  longer  and  straighter  CNTs.  The  future  work  will 
focus  on  the  optimization  of  the  growth  processes,  in  particular,  in  order  to  achieve  directional  CNTs 
growth. 
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LITHIUM  STORAGE  IN  HYDROGEN-RICH  CARBON 
NANOSTRUCTURES:  A  QUANTUM-CHEMICAL  STUDY  BASED  ON 
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Rechargeable  batteries,  in  particular  “lithium-ion”  batteries,  are  one  of  the  most  important 
commercialized  energy  storage  devices.  In  recent  years  several  theoretical  and  experimental 
investigations  have  been  directed  toward  the  development  of  new  materials  for  high-density 
energy  storage. 

The  most  common  negative  electrodes  in  lithium-ion  batteries  are  made  by  carbonaceous 
insertion  compounds  such  as  synthetic  graphite,  carbon  fibres,  etc.  [1].  At  ambient 
temperature,  there  is  a  limit  to  the  amount  of  lithium  that  can  intercalate  pure  graphite:  one 
lithium  per  six  carbon  atoms  to  form  the  LiC6  compound.  However,  in  carbonaceous  materials 
containing  substantial  hydrogen  (soft  carbon),  the  amount  of  lithium  that  can  be  stored  is 
larger  and  lithium  appears  to  reversibly  bind  near  hydrogen  atoms  [1]. 

The  binding  mechanism  in  “soft”  carbon  materials,  has  been  investigated  by  several  authors 
by  considering  small  aromatic  hydrocarbons  [2,3]. 

In  this  work  we  model  the  hydrogen-rich  carbon  material  with  polycyclic  aromatic 
hydrocarbons  (PAH)  and  investigate  the  interaction  of  lithium  atoms  with  hexa -peri- 
hexabenzocoronene  (HBC),  C42H18  (Fig.  1).  To  this  end  we  have  carried  out  quantum 
chemical  calculations  using  the  hybrid  B3LYP  functional  with  the  6-3 1G*  basis  set,  a  level  of 
theory  that  has  been  shown  to  provide  results  comparable  to  MP2.  We  considered,  initially, 
the  interaction  of  two  lithium  atoms  with  the  PAH  and  explored  a  large  number  of  interaction 
sites  both  above  or  above  and  below  the  HBC  molecule. 


Fig.l .  Chemical  formula  of  hexa-/?en'-hexabenzocoronene 

Binding  energies  were  computed  and  corrected  for  the  basis  set  superposition  error.  From  the 
computed  equilibrium  structures  and  binding  energies,  the  most  favorable  sites  for  lithium 
doping  were  identified.  It  is  shown  that  the  most  stable  structures  correspond  to  lithium  bound 
to  the  periphery  of  the  hydrocarbon,  as  suggested  by  previous  experimental  studies  [1].  It  is 
concluded  that  the  remarkable  stability  of  peripheral  interaction  sites  might  be  at  the  origin  of 
the  large  lithium  storage  capacity  recently  measured  for  HBC  [4]  as  well  as  for  soft  carbons 
compared  with  graphite.  The  details  of  the  structural  and  energetic  characteristics  of  the  L12- 
HBC  complexes  will  be  discussed. 

[1]  J.  R.  Dahn,  T.  Zheng,  Y.  Liu,  J.  S.  Xue,  Science,  270,  (1995),  590. 

[2]  S.  Ishikawa,  G.  Madjarova,  T.  Yamabe,  J.  Phys.  Chem.  B,  105,  (2001),  1 1986. 

[3]  J.  M.  Vollmer,  A.  K.  Kandalam,  L.  A.  Curtiss,  J.  Phys.  Chem.  A.,  106,  (2002),  9533. 

[4]  M.  Keil,  P.  Samori,  D.  A.  dos  Santos,  J.  Birgerson,  R.  Friedlein,  A.  Dkhissi,  M.  Watson,  K. 
Mullen,  J.  L.  Bredas,  J.  P.  Rabe,  W.  R.  Salaneck,  J.  Chem.  Phys.,  1 16,  (2002),  10854. 
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HYDROGEN  STORAGE  IN  AMORPHOUS  AGGREGATES  OF  3D 
POLYCONJUGATED  DENDRIMERS:  A  MOLECULAR  DYNAMICS 

STUDY 

Fabrizia  Negri 

Universita’  di  Bologna,  Dipartimento  di  Chimica  ‘G.  Ciamiciam, 

Via  F.  Selmi,  2,  40126  Bologna,  Italy 
e-mail:fabrv@ciam.unibo.it 

The  study  of  the  hydrogen  storage  capacity  in  carbon  based  materials  is  an  active  research 
field  since  alternatives  to  the  use  of  metal  hydrides,  cryotechniques,  or  high  pressure  tanks, 
for  the  use  of  hydrogen  as  a  pollution-free  energy  carrier  in  mobile  applications  are  not  yet 
available  [1].  Among  various  carbon  based  materials,  in  this  work  we  selected  the  class  of 
polyphenylene  dendrimers  recently  synthesized  in  Mainz  [2].  These  materials  form 
amorphous  phases  that  can  contain  voids  owing  to  the  semi-rigid  structure  imposed  by  the 
polyphenyl  chains.  The  physisorption  of  gas  molecules  inside  the  cavities  of  the 
amorphous  material  might  then  result  in  a  gas  storage  capacity  attractive  for  practical 
applications.  In  this  work  we  present  a  computational  study,  carried  out  at  atomistic  level, 
with  the  help  of  molecular  mechanics  and  molecular  dynamics  simulations,  of  gas 
diffusion  and  physisorption  in  aggregates  of  first  generation  polyphenylene  dendrimers 
(see  Figure  1 ).  Our  aim  is  to  assess  whether  the  peculiar  three  dimensional  structure  of  this 
material  offers  advantages  compared  to  other  carbon  based  materials,  as  regard  hydrogen 
storage. 

The  simulations  were  carried  out  with  periodic  boundary  conditions  and  the  MM3  potential 
[3]  was  selected  because  it  is  particularly  well  suited  to  describe  through-space  interactions 
between  aromatic  rings. 


Figure  1 :  Structure  of  the  simulated  aggregate  of  polyphenylene  dendrimers  with  molecules  of  H2 

filling  the  voids 

From  the  molecular  dynamics  simulations,  the  parameters  that  characterize  the  hydrogen 
storage  capacity  were  extracted.  It  is  shown  that  polyphenylene  dendrimers  should 
perform,  at  liquid  nitrogen  temperatures,  comparably  to  the  best  carbon  based  materials 
known,  thanks  to  the  considerable  specific  surface  offered  to  incoming  hydrogen 
molecules.  The  comparison  between  predicted  storage  capacities  and  available 
measurements  will  be  discussed. 
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ELECTROCHEMICAL  PRODUCTION  OF  NANOCRYSTALLINE 
LAYERS  CONTAINING  MOLYBDENUM 

Jolanta  Niedbala 
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Electrolytic  nickel  alloys  are  characterized  by  good  corrosion  resistance  and 
electrochemical  activity  towards  cathodic  hydrogen  evolution  and  anodic  oxygen  evolution. 
They  are  also  used  as  protection  covers  for  elements  working  in  an  aggressive  environments 

n-5]- 

The  purpose  of  this  work  was  to  determine  the  structure  of  Ni-Mo,  Ni-Mo-P  and 
Ni+Mo  layers,  their  chemical  composition  and  also  surface  morphology.  Scanning 
microscopy,  X-ray  methods  and  electrochemical  studies  were  used  for  characterization  of  the 
layers. 

The  Ni-Mo  alloy  were  deposited  from  nickel-molybdenum  bath  and  Ni-Mo-P  layers 
from  the  same  bath  containing  additionally  sodium  hypophosphite  under  galvanostatic 
conditions.  Ni+Mo  layers  were  electrodeposited  from  nickel  bath  containing  molybdenum 
powder  suspension.  The  carbon  steel  (St3S)  with  a  surface  of  4  cm2  was  used  as  a  substrate 
material. 

The  phase  composition  of  the  layers  depends  on  the  composition  of  galvanic  bath.  It 
was  stated  that  Ni-Mo-P  alloys  are  amorphous  (Fig.  la).  Ni-Mo  alloys  obtained  by  induced 
codeposition  from  nickel-molybdenum  bath  are  Mo(Ni)  solid  solution  characterized  by 
nonocrystalline  structure  (Fig.  lb).  Ni+Mo  composite  layers  obtained  from  the  bath 
containing  dispersed  molybdenum  powder  have  a  crystalline  structure  (Fig.  lc). 

The  Ni-Mo-P  layer  contain  75%Ni,  10%Mo  and  15%P,  Ni-Mo  and  Ni+Mo  layers 
contain  about  90%  of  nickel  and  about  10%  of  molybdenum.  All  layers  show  good  adhesion 
to  the  substrate.  The  surface  of  Ni-Mo  and  Ni-Mo-P  alloys  was  compact,  smooth,  mat  and 
grey  (Fig.  2a,  b).  The  analysis  of  Ni-Mo-P  surface  indicates  the  presence  of  phosphorus  solid 
solution  in  molybdenum  and  nickel  (Fig.  2a).  On  the  surface  of  this  layer  there  are 
microcracks.  The  surface  of  Ni-Mo  layer  characterized  by  island  structure  (Fig.  2b).  The 
surface  of  Ni+Mo  composite  layers  was  porous,  mat  and  light-grey.  On  the  surface  of  a  nickel 
grains  the  smaller  molybdenum  grains  are  clearly  visible  (Fig.  2c). 

All  layers  were  subjected  to  electrochemical  investigations  included 
chronovoltammetric  studies  and  corrosion  resistance  tests  by  Stern  method  in  alkaline 
environment  (Fig.  3).  It  was  stated  that  the  lowest  corrosion  rate  exibit  Ni-Mo  alloy,  next  Ni- 
Mo-P  alloy  and  Ni+Mo  composite  layer. 
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Fig.  1.  X-ray  diffraction  pattern  of  amorphous  Ni-Mo-P  alloy  (a),  nanocrystalline  Ni-Mo  alloy 

(b),  and  Ni+Mo  composite  layer  (c). 


a)  b)  c) 

Fig.  2.  Surface  morphology  of  amorphous  Ni-Mo-P  alloy  (a),  nanocrystalline  Ni-Mo  alloy 

(b),  and  Ni+Mo  composite  layer  (c). 


Fig.  3.  Corrosion  resistance  parameters  for  Ni+Mo  composite  layer  determined  by  Stern 

method. 
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The  self-assembly  of  nanostructures  is  currently  very  much  at  the  focus  of  many  research  groups. 
It  recently  has  been  discovered  by  the  University  of  Strathclyde  group  that  with  a  suitable 
combination  of  nanoparticle  suspensions  and  ionic  salt  solutions,  it  is  possible  to  coprecipitate 
microcrystals  that  are  coated  with  nanoparticles  [1].  Careful  process  control  provides  nanoparticle- 
coated  crystals  (NCCs)  of  relatively  uniform  size  and  shape  on  a  gram  scale.  The  self-assembly 
process  of  coating  microcrystals  with  nanoparticles  (NP)  is  mediated  simply  by  the  crystal  lattice 
and  appears  generic.  If  a  sub-monolayer  of  NP  is  deposited  and  viewed  by  TEM  a  further 
interesting  self-assembling  process  is  observed:  the  NP  seem  to  form  a  network  of  parallel  lines, 
see  Fig.l.  The  periodicity  of  the  parallel  lines  is  approximately  5-6nm.  The  average  size  of  the 
nanoparticles  is  about  3-4nm. 


Figure  1 .  A  transmission  electron  microscope  (TEM)  image  of  KfSOj  microcrystal  (crystal  size  is 
approximately  300nm  x  500nm)  coated  with  gold  nanoparticles.  A  possible  explanation  for  the 
black  lines  seen  in  the  images  is  that  nanoparticles  are  forming  arrays  on  the  crystal  surface, 
which  blend  into  more  uniform  regions,  probably  containing  multiple  layers  of  gold  nanoparticles. 

The  reason  for  this  apparent  spontaneous  alignment  is  not  yet  known  and  is  currently  under 
investigation.  In  this  paper  we  try  to  investigate  possible  reasons  for  this  phenomenon.  The  first 
step  is  to  conduct  a  detailed  structural  investigation  of  the  NP  arrays.  For  that  purpose  we  have 
performed  a  series  of  (TEM)  observations  on  various  samples  of  NCCs.  Immediately  apparent  is 
that  the  electron  microscope  beam  provides  a  way  for  simultaneous  heating  and  imaging  of 
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crystals  and  the  effects  of  such  a  heating  process,  are  shown  in  Fig.2.  These  pictures  first 
confirmed  that  the  black  lines  on  the  surface  are  actually  chains  of  NP.  In  Figure  2(b)  one  can 
clearly  see  the  individual  NP  separated  by  the  peptide  tiopronin  molecules  (which  were  used  as 
ligand  stabilisers  in  the  process  of  formation  of  NP). 


(a)  (b) 


Figure  2.  These  images  illustrate  several  phenomena  that  seem  to  occur  when  a  nanoparticle  covered 
crystal  of  K1SO4  is  heated  by  the  electron  beam  of  a  transmission  electron  microscope.  Due  to  partial 
melting  or  subliming,  the  crystal  no  longer  has  a  regular  rectangular-shaped  structure,  (a)  A  ‘skin '  of 
gold  nanoparticles  (with  tiopronin  coating )  is  retracting,  leaving  parts  of  the  crystal  surface  almost 
uncovered.  The  image  contrast  has  been  increased  near  the  centre  to  show  parallel  lines  of  gold  NP.  In 
picture  (b)  is  shown  the  same  ciystal  but  at  a  later  stage  in  the  heating  and  at  a  higher  magnification. 
Some  Au  NP  can  be  seen  as  small  dark  spots  (about  3-4nm  in  diameter).  The  parallel  lines  of  Au  NP 
have  disappeared.  Instead,  spherical  clumps  of  Au  NP  are  forming.  NP  in  clumps  are  separated  by 
ligand  shells  (white  gaps  in  the  figure).  The  ciystals  are  eventually  destroyed  in  this  process. 

The  K2SO4  crystal  structure  is  orthorhombic,  with  the  largest  lattice  constant  of  lnm,  hence  the 
periodicity  of  NP  lines  on  the  crystal  surface  is  not  a  direct  consequence  of  the  underlying  lattice 
structure.  There  are  some  indications  that  lines  are  formed  only  when  the  crystals  are  heated, 
because  similar  line  structures  emerge  on  the  TEM  pictures  of  pure  K2SO4  microcrystals  when 
heated.  Since  K2SO4  is  a  dielectric  there  is  a  possibility  that  a  charge  distribution  on  the  surface 
creates  a  pattern  for  initiating  the  formation  of  nanorods.  Crystals  grown  at  room  temperature  from 
aqueous  solution  incorporate  OH3+  ions  in  small  concentration  [2],  which  might  influence  the 
surface  potential  distribution.  These  ions  undergo  recombination  in  the  temperature  region  573- 
723K.  K2SO4  is  also  known  to  undergo  a  crystallographic  phase  change  at  about  850K. 

[1]  D.  Cunningham.  J.-L.  Martinez-Albertos  and  B.D.  Moore:  “Generic  route  for  organisation  of 
nanoparticles  on  microcrystals”.  Trends  in  Nanotechnology  TNT02  Conference  (Santiago  de  Compostela, 
Spain,  2002),  http://www.phantomsnet.com/htrnl/abstracts.php 

[2]  H.  Arnold  et.  al.:  “The  Phase  Transition  of  K2S04  at  about  850K”,  Acta  Cryst.  B37,  pp.  1643-51  (1981). 


446 


TNT2003 


September  15-19,  2003 


Salamanca-Spain 


Poster 


NANOFOCUSING  PROBE  FOR  A  NEAR-FIELD  OPTICAL  HEAD 


Ivan  D.  Nikolov1.  Kenya  Goto2  and  Takayuki  Kurigaya2 
‘  Optics  and  Spectroscopy  Dept.,  University  of  Sofia,  5  James  Bourcher  Blvd.,  Sofia  BG-1 164,  Bulgaria 
2  Information  and  Communication  Technology  Dept.,  Tokai  University,  Numazu,  Shizuoka  410-0395,  Japan 

1  E-mail:  ivandn@intech.bg 


1.  Introduction 

Nanophotonics  is  defined  as  nanoscale  optical  science,  research  and  technology.  Nanophotonics  field  offers  challenging 
opportunities  for  the  design  of  novel  nano-structural  optical  materials  and  devices  such  as  ultra-high  density  optical  memories, 
near-field  nano-probes,  nanoscale  switches  and  scanning  micro-stations.  Nanometrology  secures  nanoscale  measurements  and 
nano-topographic  inspection  of  the  microstructures,  MEMS,  optical  memory  modules,  integrated  arrays  and  photonic  devices. 

Nanofocusing  is  determined  as  light  collecting  into  a  spot  size  under  200  nm.  The  conventional  microlens  systems  can  focus  laser 
beams  into  spot  diameters  from  1  pm  to  0.4  pm.  Nanofocusing  research  is  a  part  of  the  field  of  nanophotonics  directed  to  nanoscale 
light-matter  interaction  and  nano-fabrication  of  optics.  The  production  accuracy  of  the  existing  optical  technology  is  from  1/10  to  /20 
that  is  from  60  nm  to  30  nm  during  the  precise  optical  surface  diagnostics. 

For  a  successful  modeling  and  design  of  the  new  optoelectronic  devices,  the  optical  functions  of  each  component  should  be 
known  [  1  ].  The  theories  and  applications  of  nano-optics  are  discussed  in  Ref.  [2, 3],  The  concept  of  writing  heads  in  tie  array  system 
has  been  reported  in  a  previous  publication  [4],  It  is  very  important  to  focus  the  vertical  cavity  surface  emitting  laser  (VCSEL)  output 
energy  on  the  optical  disk  photosensitive  structure.  The  nanofocusing  effect  is  possible  [5],  The  design  and  fabrication  of  microlens 
array  (MLA)  intended  for  a  near-field  optical  head  has  been  proved  experimentally  [6].  The  total  internal  reflection  in  the  MLA 
causes  a  significant  ray  and  wave  vignetting  [7], 

The  aim  of  this  research  is  to  improve  the  design  and  fabrication  of  a  nanofocusing  probe  for  a  near-field  optical  head.  The  main 
ultra-high  density  optical  storage  (UHDOS)  requirements  are  to  design  free  of  aberrations  nanofocusing  recording  modules  applied 
in  arrayed  memory  heads  and  to  fabricate  nanophotonics  integrated  structures.  We  discuss  the  design  characteristics  and  further 
methods  for  the  amendments  of  the  optical  performance  of  the  nanofocusing  probe  realized  for  a  UHDOS  system. 

In  this  paper,  we  report  on  the  obtained  results  for  a  nanofocusing  probe  optimization.  The  balancing  of  the  residual  aberrations 
and  technological  errors  is  also  evaluated  for  the  developed  near-field  optical  head.  This  research  focuses  on  the  nano-probe 
configurations  with  the  possible  aberration  solutions,  the  recording  specifications  and  theoretical  background,  the  MLA  shape  and 
calculation  formulae,  the  ray  and  wave-front  analysis,  the  nano-spots’  enetgy  distribution  and  finite-difference  time-domain  (FDTD) 
optical  power  density  computing. 

2.  Results  and  discussion 

The  micrometre-scale  refractive  lens  can  focus  a  micro-laser  beam  into  a  light  spot  under  1  pm.  The  flat  surface  of  the  MLA  is 
covered  with  anti-reflection  coating  (ARC)  system  or  with  sandwiched  photosensitive  layers  as  shown  in  Fig.  1 .  The  VCSEL  matrix 
forms  a  number  of  micro-beams  having  a  ray-diveigence  of  about  1 2  degrees.  The  lens  elements  of  the  RLE-fabricated  MLA  collect 
the  VCSEL  light  on  the  infra-red  (IR)  sensitive  film.  The  MLA  focuses  the  VCSEL  beams  forming  a  set  of  nano-spots  into  the  1R 
film.  One  can  obtain  an  array  of  tiny  black  disks  after  the  developing  of  the  exposed  IR  photosensitive  film.  The  IR  recording 
VCSEL  wavelength  is  850  nm.  The  optical  integration  technology  continues  with  the  photoresist  layer  exposition  using  a  ultra-violet 
source.  The  array  of  the  IR  film’s  black  disks  produces  a  patterned  structure  on  the  photoresist  for  the  next  nano-probe  array 
fabrication  into  the  GaP  wafer.  In  this  way  the  MLA  nanofocused  points  can  be  adjusted  into  the  nano-probe  apertures. 

The  most  important  nano-polishing  technology  must  guarantee  the  coincidence  of  the  MLA  focal  points  with  the  rear  exit  plane 
surface  of  the  MLA.  The  only  MLA  refractive  surface  focuses  the  VCSEL  beams  on  the  MLA  exit  plane  surface.  The  MLA  module 
is  corrected  for  transversal  aberrations  on  its  back  focal  plane.  The  axially  symmetric  MLA  optical  surface  can  be  fabricated  as 
spherical  or  aspherical.  The  exact  MLA  surface  is  ellipsoidal  for  this  developed  near-field  optical  head.  The  nano-aspherization  of 
the  MLA  convex  surfaces  is  fulfilled  using  the  RIE  technology  during  the  super-polishing  process.  The  maximal  nano-polishing 
value  is  about  150  nm  on  the  periphery  area  of  the  MLA  surfaces  fabricated  with  a  diameter  of  13  pm.  Our  proposed  near-field 
optical  head  is  presented  in  Fig.  2.  Eveiy  one  micro-laser  beam  of  about  8  pm  diameter  emitted  from  the  VCSEL  array  is  collected 
by  tire  MLA  to  the  GaP  micro-probe  array’s  tip.  The  obtained  nanofocusing  array  produces  near-field  recordings  into  the  optical  disk 
structure.  The  fabricated  memory  head  is  required  to  have  a  high  eneigy  throughput  and  small  optical  power  distribution. 
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3.  Conclusion 

The  obtained  nanofocusing  module  is  practically  an  aberration-free  optical  system.  The  designed  nanofocusing  probe  has  an 
enlarged  numerical  aperture  (NA)  over  2.15.  This  N  A  value  is  about  three  times  laiger  than  the  previous  published  result.  Using  an 
ARC  optimi2ation  one  can  realize  an  energy  throughput  about  4.80-fold  than  the  output  of  the  MLA  without  optical  coatings.  The 
optimized  arrayed  probe  has  nanofocusing  energy  efficiency  about  45  times  higher  than  the  values  published  in  previous  reports. 
The  computed  nanofocused  spots  are  from  23  nm  at  the  geometrical  MLA  limit  and  up  to  130  nm  at  the  diffraction  FWHM  size 
applying  experimental  ARC  systems  and  using  FDTD  modeling  for  electromagnetic  waves’  analysis. 
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Figure  1.  Schematic  diagram  of  the  optical  integration  technology  for  the 
MLA  to  nano-probe  array  axis  adjustment  with  the  aid  of  a  VCSEL  matrix. 


VCSEL 


VCSEL  Array 


Figure  2.  Proposed  near-field  optical  head  comprising  a  VCSEL  matrix  integrated  with 
a  module  of  GaP  microlens  array  and  micro-probe  array  intended  for  nano-recordings 
on  a  UHDOS  disk  system 
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If  a  laser  beam  is  directed  parallel  to  a  crystal  surface  and  retroflected,  a  standing  wave  region 
will  be  create  in  the  proximity  of  the  surface1'4.  This  standing  wave  region  acts  like  an  array 
of  cylindrical  lenses  for  an  incoming  neutral  atoms  beam.  The  distance  between  these  lenses 
is  X/2  where  X  is  the  optical  wave  length  (Fig.  1). 

We  study  the  role  of  the  surface  diffusion  anisotropy  in  the  fabrication  of  nanostructures  by 
laser-focused  ("cold")  atom  lithography,  and  on  the  stability  of  nanostructures  using  2D 
kinetic  Monte  Carlo  simulations.  The  simulations  were  performed  using  one-  and  two- 
dimensional  standing  wave  fields  (using  two  different  wave  profiles)  and  two  different 
difusion  models  (limited  and  total  diffusion  model)  on  anisotropic  surfaces,  such  as  (110) 
surfaces  of  CFC  crystals,  or  reconstructed  surfaces  such  as  Si(100).  The  simulations  were 
made  with  and  without  Schwoebel  barriers.  Our  diffusion-deposition  models  reproduce  both 
qualitative  and  quantitative  experimental  results5  (Fig.  2). 

Figure  3  shows  the  time  evolution  of  the  heights  of  profiles  obtained  using  an  one¬ 
dimensional  standing  wave  field  and  a  wave  profile  corresponding  to  Fig.  2b.  The  results  for 
diffusion  models  and  for  different  orientations  of  the  standing  wave  field  direction  relatively 
to  the  easy  diffusion  direction  for  the  ad-atoms  on  the  substrate,  parallel  (||)  and 
perpendicular  (1),  are  shown  in  this  figure. 
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Figure  2.  A  comparison  between  experimental  and  simulation  results: 

a)  one-dimensional  array  of  Cr  features  obtained  by  laser  focused  atomic  deposition  (NIST  Electron 
Physics  Group) 

b)  simulated  surface  obtained  using  one-dimensional  standing  wave  field  and  limited  diffusion 
model 


Figure  3.  A  comparison  between  the  time  evolution  of  profiles  height  obtained  using  a 
standing  wave  field  corresponding  to  the  surface  shown  in  Fig.  2b  for  both  orientations  of  the 
standing  wave  field  to  the  easy  diffusion  direction  of  the  adatoms  on  the  surface:  parallel  ( || ) 
and  perpendicular  (1),  respectively. 
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ATOMIC  FORCE  MICROSCOPY  AND  ELECTRIC  FORCE 
MICROSCOPY  OF  SYNTHETIC  MELANIN  THIN  FILMS 
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Melanins  are  important  photoprotective  pigments  found  in  many  organisms  and 
tissues.  They  have  attracted  great  attention  due  to  their  role  in  photo  protection  and 
technological  applications.  In  this  work  we  will  study  the  effect  of  hydration  on  the  structural 
and  electrical  properties  of  synthetic  melanin  samples  using  Atomic  Force  Microscopy 
(AFM),  Electrical  Force  Gradient  Microscopy  (EFM),  and  Conductive  Atomic  Force 
Microscopy  (C-AFM). 

Two  thin  film  synthetic  melanin  samples  were  prepared  by  evaporating  (casting)  a 
solution  of  melanin  powder  in  a  mixture  of  DMSO  (Dimethyl  Sulfoxide)  and  acetone  on  1cm 
x  1  cm  crystalline  silicon  substrates.  After  dried  out,  one  of  the  samples  was  hydrated  in  a 
humid  chamber.  The  experiments  were  carried  out  in  both  hydrated  and  no-hydrated  samples. 

All  the  experiments  were  done  in  air  using  a  Digital  Instrument  MultiMode  Scanning 
Probe  Microscope,  with  a  Nanoscope  III  controller  and  an  extender  electronic  box,  and  an 
AutoProbe  CP  from  ThermoMicroscopes.  TappingMode  ultra  sharp  Si  tips  were  used  in  all 
the  experiments. 

AFM  was  used  to  study  the  morphology  of  the  synthetic  melanin  thin  films.  Flat 
terraces  with  small  round  depressions  were  observed  on  both  samples,  as  is  shown  in  figure  1 . 
The  root  mean  square  roughness  (Rq)  of  the  flat  terraces  was  of  approximately  0.4  nm  and  0.3 
nm  for  the  no-hydrated  and  hydrated  samples,  respectively.  The  hydrated  melanin  sample 
also  exhibits  agglomerates  in  the  center  of  the  depressions  with  height  of  aproximatelyl  to  3 
nm  and  lateral  dimension  in  the  1 00-200nm  range  (figure  1  (b)). 

EFM  (figure  2)  and  C-AFM  were  used  to  study  the  electrical  properties  of  the  samples 
in  correlation  with  their  morphology.  An  increment  of  the  EFM  signal  was  observed  in  both 
samples  at  the  edges  of  the  flat  terraces.  However,  a  lower  EFM  signal  was  found  in  the 
agglomerates  present  in  the  hydrated  sample.  The  decrease  of  the  EFM  signal  indicates  a 
lowering  of  the  free  radical  density  produced  by  hydration  of  the  sample. 

These  results  show  a  strong  modification  of  the  structural  and  local  electrical 
properties  of  melanin  thin  films  caused  by  hydration.  The  formation  of  non-planar 
agglomerates  on  the  hydrated  sample  is  associated  to  a  decrease  of  free  radicals  density  on  the 
samples  and  consequently  to  the  different  electrical  transport  properties  observed  by  C-AFM. 
This  behavior  reveals  the  potentiality  of  this  material  for  sensor  applications. 
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Figure  1-  Tapping  Mode  topographic  images  of  synthetic  melanin  thin  films  deposited  on  Si 
substrates,  (a)  no-hydrated  sample  and  (b)  hydrated  sample.  Z  scale  is  60  nm  in  both  images. 


Figure  2-  EFM  images  of  a  synthetic  melanin  film  deposited  on  a  Si  substrate,  (a)  no- 
hydrated,  and  (b)  hydrated  melanin.  Z  scale  is  100  Hz  in  both  images. 
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The  Ag/Cu  system  can  be  used  to  tailor  growth,  and  hence  electronic  and  magnetic  properties 
of  Co  nanostructures.  Ag  grows  on  Cu  surfaces  with  little  or  negligible  intermixing,  leading  to 
flat  layers  with  sharp  interfaces  on  Cu(lll).  On  the  other  hand,  periodic,  striped  Ag/Cu 
phases  are  induced  by  growing  submonolayer  amounts  of  Ag  on  Cu  vicinal  substrates  [1]. 
Since  Co  and  Ag  also  display  little  tendency  to  form  mixed  compounds,  the  idea  is  using  Ag 
buffer  layers  and  nanostructured  templates  to  modify  Co  growth  on  Cu(l  1 1). 

On  flat  Cu(l  1 1)  Ag  grows  in  a  perfect  layer-by-layer  mode  with  very  minor  Ag/Cu  mixing. 
Up  to  4-5  layers,  the  Ag(l  1 1)  surface  is  characterized  by  a  quasi  10x10  Moire  superstructure, 
which  is  explained  by  a  perfect  Cu(lll)  substrate  wetting.  Ag  adlayers  display  discrete, 
quantum  well  states  in  the  perpendicular  direction  [2],  as  well  as  an  almost  linear  decrease  in 
the  density  of  surface  electrons  [3].  Since  both  surface  potential  (Moire  corrugation)  and 
electronic  states  are  Ag-thickness-dependent  and  differ  from  Cu(lll)  or  Ag(lll)  bulk 
crystals,  we  expect  both  Co  nucleation  and  growth  to  proceed  also  in  a  different  way.  Thus 
our  aim  is  studying  the  diffusion  and  aggregation  behavior  of  two-dimensional  Co  clusters  on 
Ag  layers  on  Cu(  1 1 1 )  by  means  of  in-situ  variable  temperature  STM  measurements. 

In  Fig.  1  we  show  the  STM  image  for  0.05  ML  Co/0.5  Ag  ML/Cu(lll).  Small  Co  dots 
nucleate  on  Ag  covered  areas,  where  the  Moire  pattern  is  preserved.  As  shown  in  Fig.  2,  from 
1  ML  to  2  ML  cluster  sizes  double  (from  28  to  47  A,  and  from  3  to  5  A  height)  and  densities 
reduce  to  one  half,  suggesting  faster  adatom  diffusion  for  2  ML.  Clusters  nucleate  at  hollow 
places  in  the  Moire  reconstruction,  which  are  in  turn  nicely  observed  in  the  background. 
Images  suggest  very  little  Ag  layer  disruption,  since  there  is  a  minor  presence  of  point  defects 
and  superlattice  distortions  in  the  1  ML  buffer.  Such  defects  are  mostly  suppressed  at  very 
low  Co  coverages.  We  do  not  observe  any  special  cluster  arrangement,  discarding  long  range 
elastic  or  electronic  interactions  at  this  coverage  and  temperature  [4]. 


Fig.  i.  0.05  ML  Co  on  0.5  ML  Ag  covering 
Cu(lll).  Co  forms  liny  dots  on  top  of  the  Ag 
Moire,  by  contrast  to  step  edge  decoration  and 
large  triangular  bilayer  islands  on  Cu(lll). 
(Image  derivate,  200  nm,  1.5  V) 


Fig.  2.  0.1  ML  Co  on  1  ML  (left)  and  2  ML  (right) 
thick  Ag  buffer  deposited  on  Cu(l  11)  at  300K.  Co 
duster  size  doubles  and  the  density  reduces  to  one 
half  for2  ML,  revealing  lower  adatom  diffusion 
barrier  in  this  case.  (Image  50  nm,  1.5  V). 
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In  contrast  to  flat  Cu(Ill),  Ag  evaporation  on  stepped  Cu(lll)  surfaces  induces  periodic 
faceting  of  the  surface,  i.e.  phase  separation  of  Ag-covered  facets  and  clean  Cu  stripes  [1], 
The  driving  force  is  the  lattice  matching  of  Ag  packed  layers  with  different  Cu  planes,  leading 
to  a  hierarchy  among  the  different  orientation  of  the  Ag-covered  facets  observed,  and  hence  to 
a  rich  morphology  that  depends  on  step  density,  step  type  and  Ag  coverage.  Fig.  3  shows  an 
example  of  such  Ag/Cu  periodic  structure  obtained  in  the  particular  case  of  Cu(775),  with  8.5° 
miscut  towards  [11-2],  and  0.4  ML  of  Ag.  Current  images  or  topographic  derivatives  along 
the  horizontal  show  strong  contrast  between  [773]-oriented  Ag-covered  facets  (105  A  wide) 
and  Cu(l  1 1)  terraces  (130  A  wide).  The  inset  shows  the  details  of  the  Ag  covered  facet,  with 
its  characteristic  Moird. 


Varying  substrate  miscut  and  Ag  coverage  we  have  examined  the  stability  of  such 
nanostructure  upon  Co  adsorption.  The  aim  is  keeping  the  striped  morphology,  thereby 
inducing  one-dimensional  magnetic  behavior.  Co  adsorption  follows  the  general  rule  found  in 
infinite  systems,  i.e.,  bilayer  islands  decorating  Cu  steps  and  stripe  edges  while  small  Co  dots 
nucleate  across  Ag  facets.  The  topography  still  shows  periodic  facets,  but  the  Moir6  quickly 
vanishes  and  the  derivate  images  loose  their  contrast.  The  Moir6  and  the  derivative  contrast  is 
generally  preserved  at  low  coverage,  as  shown  in  Fig.  4  (a)  for  0.3  ML.  In  this  case,  Co 
nucleates  preferently  at  Cu  stripe  edges,  and  only  minor  amounts  incorporate  to  Ag  stripes. 
The  homogeneity  of  the  array  is  even  improved  with  respect  to  Fig.  3,  such  that  stripes  are  as 
long  as  1  micron.  Fig.  4  (b)  shows  the  surface  after  additional  adsorption  of  0.4  ML  Ag  and 
1.9  ML  Co.  We  observe  the  same  overall  morphology  and  contrast,  strongly  suggesting  that 
the  Co  content  periodically  changes  across  the  striped  structure.  The  magnetic  properties  of 
this  Co  stripe  array  are  unknown. 


Fig.  3.  Ag/Cu  striped  nanostructure  grown  on 
Cu(775).  Cu(lll)  terraces  alternate  with  Ag 
covered  [773]  facets  (inset)  (200nm,  J.5  V, 
image  derivate  along  the  horizontal  direction). 


Fig.  4.  (a)  0.3  ML  Co  evaporation  on  the  striped 
structure  of  Fig.  1.  Co  slicks  preferently  to  steps  and 
Ag  stripe  edges  in  Cu  terraces  (lOOnm).  (b)  The 
same  surface  after  0.8  ML  of  Ag  and  2.2  ML  of  Co 
The  faceted  structure  and  the  contrast  of  Fig.  I  is 
maintained,  suggesting  the  presence  of  alternating 
stripes  with  different  Co  content  (200nm,  image 
derivate  along  the  horizontal  direction). 
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There  is  increasing  research  in  magnetically  tagged  bio-molecules  for  sensor 
applications  in  addition  to  their  more  common  usage  in  separation.  We  have 
constructed  simple  giant  magneto-resistance  (GMR)  strips  for  the  detection  of 
magnetic  beads  with  an  aim  to  use  such  devices  in  micro-fluidic  applications.  In 
order  to  understand  the  interactions  between  the  bead  and  the  GMR  strip  we  attach  the 
beads  to  an  AFM  tip  and  vary  the  relative  position  between  bead  and  tip  whilst 
measuring  the  GMR  response.  The  basic  theory  behind  the  expected  response  is 
outlined  and  compared  to  the  data.  If  time  permits  we  will  also  outline  our  approach 
to  the  problem  of  bead-GMR  interaction  using  the  optical  tweezers  technique. 
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Large  organic  molecules  are  promising  building  blocks  for  nanoscale  molecular  electronic  devices  [1], 
but  new  approaches  are  required  to  order  them  with  atomic  precision  on  surfaces.  This  goal  comprises 
two  different  aspects:  the  adsorption  sites  must  be  arranged  in  a  suitable  pattern,  and  the  adsorption 
geometry  must  facilitate  the  interconnection  with  the  other  elements  of  the  circuit.  Here  we  show  that 
the  nanopatteming  of  a  Cu(l  10)  surface  with  a  sub-monolayer  of  oxygen  [2]  not  only  creates  a  suitable 
template  for  the  selective  adsorption  of  two  related  molecular  wires  into  ultra  clean  1  D  nanostructures, 
but  also  can  force  their  orientation  to  align  along  the  structure.  This  can  be  considered  as  one  step 
towards  the  parallel  fabrication  of  long  molecular  wires  on  surfaces  starting  from  its  molecular  building 
blocks. 

The  template  is  created  by  exposing  the  clean  Cu(l  10)  surface  to  4  -  6  Langmuir  (1  L  =  10'6  torrs)  of 
oxygen  at  625  K.  Under  these  conditions,  the  surface  is  patterned  into  ID  alternating  bare  Cu  stripes 
running  parallel  to  the  [001]  direction,  and  (2xl)-0  reconstructed  regions  (Fig.  1),  consisting  of  Cu-0 
added  rows  aligned  parallel  to  the  [001]  surface  direction  [2] 


Fig  1.  Nanotemplate  created  by  a  controlled 
oxidation  of  the  Cu(l  10)  surface.  Bare  Cu  stripes 
running  along  [001]  separate  2x1  oxidized  areas 


Onto  this  template,  we  have  deposited  first  the  molecule  known  as  Single  Lander  [3]  (SL,  C90H98).  It  is 
composed  of  a  polyaromatic  hydrocarbon  main  board  with  four  lateral  3,5-di-?er/-butylphenyl 
substituents  acting  as  “spacer  legs”  (Fig.  2-a).  The  aromatic  central  board  has  been  designed  so  as  to 
act  as  a  conductive  molecular  wire  because  of  its  extended  n  system.  When  deposited  on  a  metal 
surface,  high-resolution  scanning  tunneling  microscopy  (STM)  images  in  ultrahigh  vacuum  reveal  the 
SL  as  four  lobes  (Fig.  2-b).  On  Cu(110),  SL  adsorbs  always  with  its  board  aligned  along  the  [llo] 
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crystallographic  direction  of  the  substrate,  and  no  order  is  observed  even  at  high  coverage.  When 
deposited  on  the  periodic  template  obtained  by  the  partial  oxidation  of  Cu(110),  the  SL  molecules 
adsorb  exclusively  on  bare  Cu  regions,  forming  well  ordered  long  molecular  chains  (Fig  2  c).  However, 
the  direction  of  the  board  turns  out  to  be  aligned  along  [lTo]  and,  thus,  perpendicular  to  the  direction 
of  the  chain. 


Fig  2.  a)  Filled-Space  Model  f  the  SL.  b)  Typical  STM  image 
of  a  SL  on  Cu(l  10).  c)  Ordering  of  the  SL  on  the  templated 
surface,  d)  Filled  space  representation  of  the  VL.  e)  Typical 
STM  image  of  the  VL.  f)  Rotation  of  the  VL  on  the  templated 
surface.  The  white  arrow  marks  the  close  packed  direction. 

Figure  2-d  shows  a  filled-space  model  of  the  Violet  Lander  molecule  (VL,  CiosHkm).  The  difference 
between  the  VL  and  SL  molecules  is  the  length  of  the  board,  being  2.5  nm  long  in  the  VL  and  only  1 .7 
nm  in  the  SL.  When  deposited  on  Cu(110)  the  VL  is  also  imaged  as  four  lobes  (Fig.  2-e).  On  the 
nanotemplated  surface,  it  only  adsorbs  on  the  bare  Cu  stripes  (Fig  3-c).  The  difference  now  is  that  the 
direction  of  the  board  is  no  longer  perpendicular  to  the  direction  of  the  stripes.  Figure  2-f  shows  the 
two  types  of  orientations  most  commonly  found:  with  the  board  rotated  70°  and  90°  with  respect  to  the 
[lTOJ  direction.  Therefore,  we  can  conclude  that  the  template  not  only  acts  by  providing  specific 
adsorption  sites,  but  it  also  affects  the  adsorption  geometry. 

Using  a  pre-pattemed  template  we  succeeded  in  controlling  the  formation  of  long  one-dimensional 
molecular  nanostructures.  Furthermore,  we  have  shown  that  the  template  is  able  to  force  the  molecule 
to  align  in  the  right  direction.  This  type  of  directed  forced-assembly  using  appropriate  periodic 
superstructures  on  the  nanoscale  opens  a  variety  of  new  possibilities  for  the  ordered  deposition  of 
organic  molecules  on  surfaces,  and  for  guiding  the  growth  of  nanostructures  in  general. 
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GRAIN  BOUNDARIES  OF  NANOCRYSTALS  INVESTIGATED  BY 

ELECTRON  TRANSPORT 
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We  present  a  new  approach  to  investigate  an  influence  of  grain  boundaries  of  nanocrystals 
embedded  in  amorphous  matrix  on  electron  transport  processes.  This  method  is  applied  to 
analyse  an  evolution  of  electrical  resistivity  during  nanocrystallization  of  AI90Y10  alloy.  The 
temprature  variation  of  resistivity  is  measured  for  amorphous  and  partially  nanocrystalline 
alloys  obtained  by  heating  amorphous  alloy  up  to  several  temperatures  exceeding 
nanocrystallization  threshold.  The  Maxwell  -  Garnett  equation  is  used  to  calculate  resistivity 
of  precipitating  fee  AI  nanocrystals  covered  with  the  grain  boundaries  enriched  in  Y  atoms. 
The  resistivity  of  nanocrystals  rises  with  a  progress  of  nanocrystallization  and  is  several  time 
larger  than  a  resistivity  of  polycrystalline  Al.  This  can  be  due  to  the  grain  boundary  containing 
layers  enriched  in  Y  atoms,  which  exhibit  a  relatively  high  resistivity.  Finally  a  mean 
thickness  of  grain  boundaries  is  evaluated.  This  thickness  rises  with  increasing  annealing 
temperature  and  saturates  at  a  level  of  4  nm. 
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ELECTRICAL  RESISTIVITY  OF  NANOCRYSTALLINE  FeNbCrBCu 

ALLOYS 

K.  Pekala1,  M.  Pekala2. 1.  Skorvanek3 
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Amorphous  alloys  of  Fe73.5Nb4.5Cr5CuiBi6  produced  by  planar  flow  casting  are  thermally 
stable  up  to  750  K,  when  the  primary  crystallization  of  bcc-Fe  starts.  After  a  partial 
crystallization  controlled  by  temperature  and  annealing  time,  the  resulting  microstructure 
consists  of  bcc-Fe  grains  embedded  in  a  residual  amorphous  matrix.  The 
amorphous/crystalline  transformation  is  accompanied  by  changes  in  chemical  composition  of 
the  amorphous  matrix.  Due  to  the  limited  solubility  of  Cr,  Nb,  Cu  and  B  in  bcc-Fe,  these 
atoms  are  rejected  from  the  growing  grains.  The  typical  sizes  of  the  grains  are  about  4-8  nm 
and  5-10  nm  for  the  samples  annealed  for  1  hour  at  783  K  and  863  K,  respectively.  The 
volume  fraction  of  crystalline  phase  in  the  samples  annealed  for  1  hour  at  783  K  and  is 
estimated  to  be  31%  and  it  increased  to  46%  after  annealing  for  1  hour  at  863  K.  The 
electrical  resistivity  is  measured  by  a  four  probe  method.  For  the  as  quenched  alloy  the 
negative  temperature  coefficient  of  resistivity  (TCR)  is  observed  up  to  210  K.  Values  of  TCR 
increase  gradually  with  an  increasing  crystalline  fraction.  Electrical  resistivity  of 
nanocrystalline  phase  is  calculated  and  and  the  thickness  of  grain  boundaries  is  analysed. 
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MONTE  CARLO  ANALYSIS  OF  NANO-SCALE  SCHOTTKY 
DIODES  FOR  TERAHERTZ  GENERATION 
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The  increasing  importance  of  telecommunications  in  the  high-microwave  region  (above  the 
millimeter  range)  demands  new  high  power  generators  within  the  submillimeter  wavelength 
or  THz  frequency  ranges.  Schottky-barrier  diodes  are  commonly  used  to  this  purpose  as 
multipliers  and  mixers  of  time-varying  signals  because  of  their  strongly  nonlinear  current- 
voltage  (1-V)  and  capacitance-voltage  (C-V)  characteristics.  Since  high  capability  to  generate 
high-order  harmonics  and  good  feasibility  for  their  power  extraction  (that  is,  low  level  of 
noise)  are  prerequisites  to  use  these  devices  as  THz  generators,  high  technology  and  accurate 
design  are  mandatory.  In  particular,  Schottky  diodes  for  THz  generation  require  extremely 
short  sizes,  usually  in  the  nano-scale  range  or  beyond  [1],  and  very  high  dopings  at  the  limit 
of  degeneracy. 

The  improvement  in  the  fabrication  processes  during  the  last  years  has  made  possible  the 
production  of  nano-scale  Schottky  diodes  with  active  layer  thickness  below  50  nm,  making 
these  structures  promising  devices  for  THz  generators  [2],  However,  little  work  has  been 
done  on  the  modeling  of  the  effects  that  the  downscaling  of  conventional  Schottky  diodes 
have  on  the  noise  and  dynamic  behavior  of  these  devices  operating  under  cyclostationary 
conditions  (periodic,  large-signal  excitation).  Simulations  have  mainly  focused  on  the  study 
of  the  static  behavior  of  nano-scale  Schottky  contacts  when  they  are  formed  at  the  interfaces 
between  semiconductors  and  metal  inclusions  in  more  complex  devices  as  MOSFETs  and 
HEMTs  [3]. 

The  aim  of  this  paper  is  to  present  a  theoretical  investigation  of  the  electronic  properties  of 
GaAs  Schottky-barrier  nano-diodes  as  THz  generators.  In  particular,  the  intensity  of  the 
fundamental  and  higher  order  harmonics  of  the  current  response,  the  intrinsic  noise  and  the 
signal-to-noise  ratio  as  a  function  of  the  amplitude  and  frequency  of  the  excitation  are 
analyzed.  For  the  calculations  we  use  an  ensemble  Monte  Carlo  simulator  coupled  with  a  self- 
consistent  Poisson  solver,  which  includes  intrinsically  all  the  effects  at  the  origin  of 
nonlinearities  and  noise  in  these  devices  (hot  carriers,  velocity  overshoot,  etc.)  [4,5,6]. 

We  have  found  that,  in  the  frequency  range  where  the  C-V  nonlinearities  dominate  the  diode 
response,  the  intensity  of  the  high  order  harmonics  grows  with  the  increase  of  the  excitation 
frequency.  Due  to  the  short  length  of  the  devices,  this  behavior  takes  place  at  frequencies  high 
enough  (above  500  GHz)  to  achieve  efficient  harmonic  generation  in  the  THz  frequency 
range. 
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As  concerns  the  noise  behavior  of  the  diode,  the  current  noise  spectra  Sh,  (/)  obtained  under 
cyclostationary  operation  are  found  to  be  similar  to  those  obtained  under  static  excitations, 
showing  the  following  main  features. 

i)  a  low-frequency  plateau  that  essentially  coincides  with  the  full  shot-noise  level  associated 
with  the  average  value  of  the  cyclostationary  current  response  <  /  > .  This  level  of  noise 
increases  with  the  excitation  frequency  due  to  the  mixing  of  the  different  harmonics,  that 
leads  to  higher  values  of  <  I  > .  This  result  indicates  that  special  attention  must  be  paid  to  the 
ratio  between  the  amplitude  of  the  harmonic  and  noise  level  when  trying  to  extract  an 
harmonic  of  given  order. 

ii)  a  first  high-frequency  peak  related  to  the  returning  carriers  (which  disappears  at  voltages 
when  flat -band  conditions  are  approached). 

iii)  a  second  high-frequencv  peak  due  to  spontaneous  plasma  oscillations. 

This  increase  of  noise  at  high  frequencies  could  prevent  the  detection  of  the  harmonics. 
However,  our  results  show  that  both  high-frequency  peaks  are  displaced  to  the  high  THz 
region  for  short  and  heavily  doped  GaAs  Schottky  diodes,  thus  allowing  harmonics 
extraction  in  the  frequency  range  of  interest. 

As  concerns  voltage  noise,  all  the  spectra  contain  the  peaks  corresponding  to  the 
frequencies  of  the  plasma  oscillations  associated  with  the  doping  level  of  the  n  and  n+ 
regions,  with  a  magnitude  that  is  practically  independent  of  the  excitation.  By  contrast,  the 
level  of  the  low-frequency  plateau  is  very  sensitive  to  the  amplitude  of  the  driving  current, 
with  the  peculiarity  of  exhibiting  a  cutoff  related  to  the  value  of  the  excitation  frequency. 
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It  is  a  review  of  scaling  theory  of  metal-insulator  transition  in  two  dimensions.The 
recent  developments  of  scaling  theory  is  elicited  in  a  good  manner.  Metal  -Insulator 
transition  using  exact  two  dimensional  dielectric  function  is  investigated  for  a 
shallow  donor  in  an  isolated  well  of  GaAs/Gal-xAlsAs  superlattice  system  within 
the  effective  mass  approximation.  Vanishing  of  the  donor  ionization  energy  as  a 
function  of  well  width  and  the  donor  concentration  suggests  that  the  phase 
transition  is  not  possible  even  below  awell  width  of  10&#506;  supporting  the  scaling 
theory  of  localization.  The  effects  of  Anderson  localization,  exchange  and  correlation 
in  the  Hubbard  model  are  included  in  a  simple  way.  The  relationship  between 
the  present  model  and  the  Mott  criterion  in  terms  of  Hubbard  model  is  also 
brought  out. A  simple  expression  for  a  Mott  constant  in  2D,  a*  Ncl/2  exp  (- 
9. 86exp(-L/a*))  =  0.123,  where  Nc  is  the  critical  concentration  per  area, is  derived 
.  The  critical  concentration  is  enhanced  when  a  random  distribution  of  impurities 
is  considered.  The  limiting  behaviour  of  well  width  for  a  quantum  2D  is  brought 
out.  The  results  are  compared  with  the  existing  data  available. 
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In  semiconductor  device  with  dimensions  smaller  than  the  mean  free  path,  ballistic  behavior 
of  electron  can  lead  to  novel  effects.  Ballistic  rectifiers,  switch  and  logic  gate  working  at  room 
temperature  have  been  proposed  [1-4].  Dimension  of  few  ten  nanometers  and  use  of  high 
mobility  material  are  necessary  to  obtain  ballistic  operation.  In  this  paper,  we  propose 
technological  process  based  on  negative  e-beam  resist  to  define  these  nano-dimensions. 
InAlAs/InGaAs  heterostructure  on  InP  substrate  has  been  used  for  its  technological 
compatibility  with  high  frequency  HEMTs  [5].  To  defined  active  zone  of  the  device,  dry  and 
wet  etchings  are  proposed  and  compared. 

Figure  1  presents  cross  section  of  the  heterostructure  grown  by  Molecular  Beam  Epitaxy.  In 
this  heterostructure,  Indium  content  in  the  channel  has  been  fixed  at  70%  to  achieve  high 
electron  mobility.  Epilayers  with  spacer  layer  thickness  at  5,  10  and  20  nanometers  have  been 
fabricated,  to  reduce  coulomb  scattering  with  the  delta-doped.  The  delta-doped  level  has  been 
fixed  to  obtain  high  2DEG  densities  and  to  avoid  free  electron  in  the  delta.  Hall  measurements 
are  reported  in  table  1.  High  hall  mobility  is  obtained  with  large  spacer  thickness.  However 
electron  density  is  lower  due  to  a  poor  transfer  of  electron  from  the  delta. 

Wires,  T-  and  Y-branches,  rectifiers  with  dimension  of  few  ten  nanometers,  have  been 
fabricated.  The  process  begins  by  alignment  marks,  mesa  isolation  to  define  the  active  zone, 
and  Ni/Ge/Au/Ni/Au  ohmic  contact  formation.  Finaly,  Ti/Au  bonding  pads  are  defined.  All 
the  levels,  except  bonding  pads,  have  been  made  by  e-beam  lithography  using  a  high 
resolution  machine  (LEICA  EBPG5000+).  Mesa  isolation  is  a  delicate  step  of  the 
technological  process.  Indeed  nano-dimension  of  the  device  is  defined  by  this  step.  To  reduce 
e-beam  exposure  time,  high  resolution  negative  resist  has  been  used.  It  consists  on  HSQ 
(Hydrogen  SilsesQuioxane)  resist.  Figure  2  gives  an  electron  microscopy  of  an  Y-branch 
junction  defined  in  HSQ  resist.  Width  is  20  nanometers.  Wires  of  15nm  have  been  also 
obtained.  After  the  lithography  process,  etching  of  active  layers  have  been  made  by  dry  and 
wet  etching.  For  wet  etching,  H3PO4/H2O2/H2O  solution  has  been  used.  On  figure  3,  a  SEM  of 
150nm  width  T-branch  is  given.  As  a  result  of  undercut  etching,  final  width  is  only  80nm. 
Moreover,  shape  is  strongly  rough.  This  will  affect  transport  properties  in  the  channel.  To 
reduce  undercut  etching  and  improve  roughness,  dry  etching  with  CH4/H2/Ar  gases  has  been 
used.  Figure  4  presents  a  SEM  of  150nm  T-branch  width.  The  measured  width  is  lOOnm  and 
the  roughness  is  improved.  Wires,  T-  and  Y-branches,  rectifiers  with  several  dimensions  have 
been  realized  using  both  etching.  Comparisons  by  electrical  measurements  are  in  progress  and 
will  be  presented  at  the  conference. 
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Figure  3  SEM  of  T-branch  using  wet 
etching  process 
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Table  1  Hall  measurements  at  room 
temperature 


Figure  2  SEM  of  Y-branch  defined  in 
HSQ  resist 


Figure  4  SEM  of  T-branch  using  dry- 
etching  process 
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e-mail:  bpignataro@unict.it 

Modification  of  molecular  surfaces  by  employing  a  biased  conductive  Atomic 
Force  Microscopy  (AFM)  tip  has  been  shown  to  be  a  feasible  route  to  nanofabrication. 
In  this  work  alkyl  self-assembled  monolayers  (SAMs)  obtained  on  hydrogenated  silicon 
surfaces  via  radical-initiated  reactions  of  1-octadecene  have  been  modified  with  such 
method  employed  in  presence  of  water  vapors  carried  by  a  nitrogen  stream.  AFM 
showed  that  the  modification  of  the  organic  layer  depends  on  the  magnitude  of  biases 
applied  to  the  tip,  with  a  threshold  value  for  detectable  modification.  The  extent  of 
modification  is  observed  in  terms  of  increase  in  tip/sample  friction  force,  in  agreement 
with  the  formation  of  hydrophilic  moieties  at  the  surface  of  the  organic  monolayer. 
Depending  on  the  experimental  conditions,  the  increase  in  friction  can  be  accompanied 
by  a  significant  raise  of  the  surface  height,  suggesting  the  occurrence,  in  the  most 
drastic  conditions,  of  a  concomitant  growth  of  silicon  oxide  underneath  the  organic 
layer. 

In  order  to  get  a  more  detailed  idea  on  the  chemistry  involved  in  the  observed 
modifications,  TOF-SIMS  imaging  measurements  have  been  carried  out  on  patterns  of 
the  size  of  some  microns,  tip  written  on  purpose  on  the  alkyl  SAM  by  using  different 
applied  biases.  Retrospective  spectra,  obtained  from  the  modified  regions,  display  the 
presence  of  CxHyO  and  CxHyN  type  peaks  having  intensity  increasing  with  the  tip 
bias.  Simultaneously,  an  intensity  reduction  of  the  SiCxHy  signals,  compared  to  those 
arising  from  the  unmodified  regions,  was  observed.  This  allowed  to  outline  the 
chemical  mechanism  involved  in  the  process. 
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a)  Retrace  Friction  Force  Microscopy  (FFM)  image  of  a  tip-written  pattern  on  a  1-octadecene 
monolayer  self-assembled  on  silicon;  b)  and  c)  ToF-SIMS  chemical  maps  obtained  in  the  same 
region  for  the  silicon  and  CxHyO-type  peaks,  respectively. 
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ELECTRODEPOSITION  OF  Ni-Co-P  AND  Ni-W-P  LAYERS  BASED  ON 

AMORPHOUS  Ni-P  MATRIX 

Magdalena  Popczvk.  Antoni  Budniok,  Henryk  Scholl*,  Tadeusz  Blaszczyk* 
University  of  Silesia,  Institute  of  Physics  &  Chemistry  of  Metals 
Bankowa  12,  40-007  Katowice,  Poland 
♦University  of  Lodz,  Institute  of  Chemistry 
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Properties  of  nickel  coatings  are  well  known.  Their  wide  application  is  a  result  of 
specific  properties  of  nickel,  which  exhibit  good  corrosion  resistance  in  aggressive  solutions 
and  also  high  catalytic  activity  for  many  electrochemical  processes,  in  particular  for  the 
hydrogen  evolution  reaction.  In  order  to  improve  the  utilization  of  these  materials  and  to 
enhance  their  electrocatalytic  activity,  various  methods  of  their  modifications  could  be 
applied,  allowing  to  obtain  materials  with  very  developed,  rough  or  porous  electrode  surface 
[1-11].  This  study  was  undertaken  in  order  to  obtain  the  Ni-P  layers,  containing  an  additional 
alloying  component  (cobalt  or  tungsten)  in  an  amount  of  ensuring  obtained  amorphous 
structure. 

The  purpose  of  this  work  was  to  determine  structure  of  Ni-P,  Ni-Co-P  and  Ni-W-P 
layers,  their  chemical  composition  and  also  surface  morphology.  X-ray  diffractometer, 
stereoscopic  and  tunneling  microscope,  Form  Talysurf-type  profilograph  and  atomic 
absorption  spectroscope  were  used  for  characterization  of  the  layers. 

The  electrodeposition  process  was  conducted  in  galvanostatic  conditions  at  the  current 
density  0.200  A  cm' .  The  layers  were  deposited  on  a  copper  plate  with  a  surface  area  of  1 
cm2  [6-7]. 

All  Ni-P,  Ni-Co-P  and  Ni-W-P  layers  electrolytically  deposited,  show  good  adhesion 
to  the  substrate.  For  comparison,  in  work  presented  surface  topography  in  the  scale  of  nano- 
and  millimetric.  In  the  both  cases  the  Ni-Co-P  layer  was  characterized  by  higher  elevations  on 
the  surface  in  comparison  to  the  Ni-W-P  and  Ni-P  layers.  It  was  found  that  the  presence  of 
cobalt  or  tungsten  into  the  Ni-P  matrix  distinctly  enlarges  the  real  surface  of  the  layers,  in 
particular  in  the  case  of  the  Ni-Co-P  layer  (Fig.l). 

The  Ni-P  layer  contains  about  80%  of  nickel  and  about  20%  of  phosphorus.  XRD 
investigations  show  that  the  Ni-P  layer  is  an  amorphous.  This  may  be  concluded  from  the 
presence  of  wide  reflex  on  the  diffraction  pattern  of  this  layer  in  the  range  of  diffraction 
angles  characteristic  for  (1 1 1)  and  (200)  reflexes  of  nickel.  The  Ni-Co-P  layer  contains  about 
45%  of  nickel,  about  1 1%  of  phosphorus  and  about  44%  of  cobalt.  The  Ni-W-P  layer  contains 
about  68%  of  nickel,  about  12%  of  phosphorus  and  about  20%  of  tungsten.  XRD 
investigations  show  that  the  Ni-Co-P  and  Ni-W-P  layers  are  an  amorphous  structure  like  the 
Ni-P  layer.  The  absence  of  sharp  reflexes  of  cobalt  or  tungsten  does  not  prove  unequivocally 
that  this  phase  is  absent  in  the  layer.  This  component  may  be  built  in  the  layer  but  in  the 
amorphous  form  (Fig. 2). 

It  was  ascertained  that,  introduction  of  cobalt  or  tungsten  into  Ni-P  matrix,  lead  to 
obtain  the  layers  about  very  developed  surface.  Thus  obtained  layers  may  be  useful  in 
application  as  electrode  materials  in  electrochemistry  [6,1 1]. 
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a)  b)  c) 


Figure  1 .  Surface  morphology  and  surface  topography  in  the  scale  of  nano-  and  millimetric  of 
Ni-P  (a),  Ni-Co-P  (b)  and  Ni-W-P  (c)  layers. 
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Figure  2.  X-ray  diffraction  pattern  for  the  Ni-P,  Ni-Co-P  and  Ni-W-P  layers. 
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LOCALIZATION  AND  FIR  ABSORPTION  IN  QUASI-ID  TWO 
ELECTRON  QUANTUM  DOT  MOLECULES 
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In  this  work  we  study  the  dynamical  behaviour  of  two  electrons  confined  in  a 
double  quantum  dot  nanostructure  under  the  influence  of  an  external  electric  field. 
The  electrons  are  strongly  confined  both  in  the  vertical  and  one  lateral  direction,  thus 
giving  rise  to  an  effective  quasi- ID  system  with  a  corresponding  effective  Coulomb 
interaction.  As  already  discussed  in  [1],  localization  in  one  of  the  two  potential  wells 
can  be  achieved  for  certain  values  of  the  applied  electric  field.  At  these  field  values  the 
characteristic  time  oscillations  lead  to  a  periodic  maximum  probability  of  double 
occupancy  in  one  of  the  two  wells  PuXt).  It  is  our  aim  here  to  interpret  this  effect  in 
terms  of  the  spatial  structure  of  the  concomitant  wave  functions  and  to  relate  the 
localization  phenomena  to  peculiarities  in  the  absorption  properties  of  the  system. 
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TOWARDS  THE  NANO-SCALE:  INFLUENCE  OF  SCALING  ON 
THE  ELECTRONIC  TRANSPORT  AND  SMALL-SIGNAL  BEHAV¬ 
IOUR  OF  MOSFETS 

Raul  Rensel.  Daniel  Pardo  and  Marfa  Jesus  Martin 
Departamento  de  Ffsica  Aplicada,  Universidad  de  Salamanca 
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E-mail:  raulr@usal.es 

As  the  dimensions  of  bulk  CMOS  transistors  approach  the  nano-scale,  many  benefits 
are  obtained  both  in  digital  and  analog  applications:  as  an  example,  faster  switching  speeds, 
higher  current  drive,  a  reduced  power  consumption  and  the  smaller  size  of  the  integrated  circuits 
have  allowed  to  boost  the  market  of  mobile  communications  based  on  Silicon  devices  [1],  Nev¬ 
ertheless,  in  return  for  these  advantages,  serious  problems  raise  associated  to  the  small  size  of 
the  transistors,  such  as  severe  short  channel  effects,  tunnel  current  leakage  at  the  gate,  litho¬ 
graphic  constraints,  etc.  [1],  These  inconveniencies  represent  an  important  restriction  to  the 
scaling  roadmap  for  Silicon  technologies  because  of  the  degradation  in  the  figures  of  merit  of 
the  devices  as  compared  to  the  ideal  predictions.  Moreover,  in  a  moment  when  the  physical 
limits  of  many  important  technological  parameters  are  about  to  be  reached  [2],  it  becomes  criti¬ 
cal  to  analyze  the  phenomena  that  set  off  a  worse-than-expected  performance  in  nano-scaled 
CMOS  transistors. 

In  this  work,  the  consequences  of  downscaling  bulk  MOSFET  devices  below  the  100 
nm  range  are  investigated  by  means  of  a  2D  bipolar  Ensemble  Monte  Carlo  (EMC)  simulator 
[3].  Taking  a  250  nm  gate  length  MOSFET  structure  as  the  starting  point,  the  ideal  rules  of  scal¬ 
ing  [4]  are  considered,  and  progressively  smaller  structures  corresponding  to  actual  technology 
nodes  (130  nm,  90  nm  and  60  nm)  are  studied  in  depth.  The  huge  amount  of  information  pro¬ 
vided  by  the  EMC  simulator  allows  to  give  a  microscopic  insight  of  the  quantities  of  interest 
associated  to  electron  transport  inside  the  devices,  such  as  electric  fields,  potential,  scattering 
mechanisms,  velocity,  energy  and  concentration  of  carriers,  etc.  In  this  way,  it  is  possible  to 
check  the  progressive  importance  of  two-dimensional  effects  when  the  dimensions  of  the  tran¬ 
sistors  are  shrunk,  and  to  give  a  physical  explanation  to  the  discrepancies  obtained  with  the 
ideal  predictions  in  the  static  characteristics. 

We  have  also  evaluated  the  dynamic  behaviour  of  the  devices  by  means  of  the  analysis 
of  a  non-quasistatic  small-signal  equivalent  circuit  (SSEC).  It  has  been  found  that  some  of  the 
SSEC  parameters  (such  as  gate-to-source  capacitance  or  transconductance)  differ  significantly 
from  the  scaling  predictions  when  reaching  dimensions  below  100  nm.  By  examining  the  rela¬ 
tionship  between  the  SSEC  parameters  and  the  internal  magnitudes  previously  studied,  we  have 
checked  that  the  onset  of  strong  two-dimensional  effects  in  the  electric  field  and  the  carrier  con¬ 
centration  profiles  corresponding  to  the  active  region  (that  takes  place  for  the  device  with  130 
nm  gate-length  and  below)  has  a  strong  influence  on  the  deviation  from  the  ideal  behaviour  of 
the  dynamic  figures  of  merit.  To  overcome  this  problem,  and  to  minimize  short  channel  and  hot 
carrier  effects,  special  care  must  be  considered  in  the  design  of  the  devices  (including  topology 
modifications  from  the  scaling  rules  if  necessary)  in  order  to  maintain  the  shape  of  the  potential 
as  similar  as  possible  to  the  one  observed  in  long-channel  devices. 

References: 

[  1  ]  H.  lwai,  “Downsizing  of  silicon  MOSFETs  beyond  0. 1  pm,”  Microelectr.  Journal ,  29  ( 1 998)  671 . 

[2]  Semiconductor  Industry  Association,  International  Technology  Road  Map  for  Semiconductors  in  2002 
Edition:  SIA  (2002). 

[3]  R.  Rengel  et  at,  “Numerical  and  experimental  study  of  a  0.25  pm  fully-depleted  silicon-on-insulator 
MOSFET:  static  and  dynamic  radio-frequency  behaviour,”  Semicond.  Sci.  Techno!.,  17  (2002)  1149. 

[4]  R.  H.  Dennard  et  al.,  “Design  of  ion-implanted  MOSFETs  with  very  small  physical  dimen¬ 
sions,”  1EEEJ.  Solid-State  Circuits,  9  (1974)  256. 


TNT2003 


September  15-19,  2003 


Salamanca-Spain  475 


Poster 


476 


TNT2003 


September  15-19,  2003 


Salamanca-Spain 


roster 


CURRENT  CHANGES  IN  ELECTROOSMOTICALLY  PUMPED 
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Electrokinetic  forces  have  been  the  mechanism  most  widely  used  for  the  transport  of 
molecules  and  flows  in  microfluidic  applications  such  as  miniaturized  analysis 
systems  or  so  called  "Labs  on  a  Chip".  With  further  downscaling  towards  the  sub¬ 
micron  domain,  understanding  of  the  electrokinetic  effects  and  associated  phenomena 
becomes  a  critical  issue  as  these  effects  are  expected  to  be  enhanced.  Because 
electrokinetic  field  forces  originate  at  the  very  channel  surface,  it  is  one  of  the  few 
pumping  mechanisms  that  can  be  effectively  applied  at  nano  scale. 

We  have  used  proton  beam  writing  to  machine  fluidic  channels  in  the  micrometer  and 
nanometer  scale.  In  our  work,  we  use  current  measurements  to  determine  two 
phenomena.  The  first  is  the  study  the  interfacial  electrical  properties  of  the  machined 
substrates.  The  second  is  the  estimation  of  the  electroosmotic  flow  (EOF) 
characteristics.  Observation  of  an  increase  on  the  ionic  current  in  the  system  indicates 
that  in  small  volumes,  the  electrolysis  process  dominate  the  fluid  transport  giving  rise 
to  changes  in  concentrations  of  ionic  species  in  the  system.  As  result,  thickness  of  the 
Debye  layer  changes  thus,  the  EOF.  EOF  anomalies  are  undesirable  during  analytical 
separations  and  consequently,  this  problem  need  to  be  addressed  for  these 
applications. 

The  results  of  the  current  monitoring  studies  are  presented  and  the  mechanisms  for 
current  changes  evaluated. 
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in  tapping-mode  AFM 
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It  is  a  goal  of  imaging  technologies  in  the  field  of  nanoscale  science  and  technology  to 
accurately  and  reproducibly  image  sub-nanometre,  intramolecular  structural  heterogeneity  in 
materials  such  as  polymers,  particularly  in  the  case  of  complex  biological  polymers  such  as 
proteins  and  glycoconjugates.  Such  resolution  is  now  achievable  with  various  modes  of 
AFM,  but  the  underlying  mechanisms  which  describe  the  complexities  of  operation  of  one  of 
the  most  commonly  used  modes,  tapping  mode  AFM  (TM-AFM)  in  air,  are  only  now  being 
elucidated  [1,2]. 

A  major  result  of  this  theoretical  work  has  been  the  prediction  and  demonstration  [3,4]  of  the 
existence  of  two  imaging  'regimes'-  the  one  dominated  by  an  attractive,  non-contact 
interaction  and  the  other  by  a  repulsive,  contact  interaction.  This  emerging  theoretical 
description  can  explain  a  number  of  hitherto  puzzling  effects  commonly  seen  during  TM- 
AFM  imaging. 

In  this  poster  we  present  an  investigation  of  the  criteria  required  for  accessing  the  two 
imaging  regimes,  a  simple  method  for  controlling  the  transition  between  them  in  situ,  and 
preliminary  results  of  a  systematic  study  of  their  topographic  and  phase-contrast 
consequences  for  DNA.  We  also  assess  the  effect  of  the  cantilever’s  quality  factor  on 
accessing  the  two  regimes  using  active  resonance  control. 


Figure  1:  Simultaneously  acquired  topography  (left)  and 
phase  (right)  images  of  plasmid  DMA  or.  mica  imaged 
by  TM-AFM  in  air.  The  images  depict  a  spontaneous 
transition  from  the  attractive  imaging  regime  (top)  lo  the 
repulsive  regime  (bottom).  Scans  approx.  760  nm  x  600 
nm. 
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KINETIC  STUDIES  OF  CNT’S  FORMATION  BY  DECOMPOSITION 
OF  METHANE  ON  A  Ni/(MgO)0  4(A]203)  CATALYST 
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Hydrogen  is  predicted  to  become  a  major  source  of  energy  in  the  future  [1].  It  is  an  important 
raw  material  in  the  chemical  and  petroleum  industries;  large  quantities  are  used  in  the 
manufacture  of  ammonia  and  methanol  and  in  a  variety  of  petroleum  hydrotreatment 
processes.  A  growing  demand  is  forecast  in  all  sectors,  mainly  for  petroleum  refining  where 
the  increasing  need  to  process  heavy  and  high-sulphur  content  crudes  is  accompanied  with  the 
lowering  of  hydrogen  co-product  in  the  catalytic  reforming  process  [2].  Hydrogen  is  a  clean 
fuel  that  emits  no  C02  when  burned  or  used  in  H2-02  fuel  cells,  can  be  stored  as  a  liquid  or 
gas,  is  distributed  via  pipelines,  and  has  been  described  as  a  long-term  replacement  for  natural 
gas  [1].  Given  that  catalytic  processes  produce  the  main  fraction  of  the  hydrogen  needed  in 
industry,  involving  multiple  steps  with  different  types  of  catalyst,  it  is  clear  that  catalysis 
plays  a  critical  role  in  the  production  of  H2  [1].  Steam  reforming  of  methane  and  other 
hydrocarbon  feedstocks  has  been  the  most  widely  used  and  usually  the  most  economical 
technology  for  the  production  of  hydrogen  [1].  However,  this  route  makes  hydrogen  an 
indirect  source  of  C02.  In  addition,  the  co-product  of  steam  reforming,  CO,  must  be  removed 
by  two  subsequent  steps:  water-gas  shift  and  methanation.  The  complete  removal  of  CO  is  not 
economical  and  therefore,  the  hydrogen  thus  produced  is  not  suitable  for  low-temperature  fuel 
cells  given  that  the  catalyst  is  poisoned  by  CO  [2]. 

The  reaction  of  direct  cracking  of  methane  over  nickel  catalysts  has  recently  been  receiving 
attention  as  an  alternative  route  to  the  production  of  hydrogen  from  natural  gas  [3-5]. 

With  this  reaction,  the  direct  formation  of  C02  is  avoided  and  the  subsequent  steps  for  CO 
removal  are  not  needed. 

In  addition  to  the  production  of  H2,  the  cracking  of  methane  produces  nanocarbonaceous 
materials  like  carbon  nanofibres  (CNF’s)  or  carbon  nanotubes  (CNT’s).  These 
nanocarbonaceous  materials  have  been  known  for  a  long  time  as  a  nuisance  that  often  appears 
during  catalytic  conversion  of  carbon  containing  gases.  The  recent  outburst  of  interest  in  these 
graphitic  materials  originates  from  their  potential  for  unique  applications  as  well  as  their 
chemical  similarity  to  fullerenes  and  carbon  nanotubes  [6].  Carbon  nanofibers  have  potential 
utilisation  as  gas  (e.g.  hydrogen)  storage,  polymer  additives,  and  as  catalyst  supports  [7]. 
Carbon  formation  during  catalytic  methane  decomposition  mainly  occurs  in  the  form  of 
CNF’s  and  CNT’s  [7-9].  This  mode  of  carbon  accumulation  allows  the  catalyst  to  maintain  its 
activity  for  an  extended  period  of  time  without  deactivation  [7].  Catalyst  deactivation 
eventually  occurs  through  the  formation  of  encapsulating  carbon  on  the  nickel  particles  [8],  or 
is  due  to  the  limitations  imposed  by  the  free  space  available  in  the  reactor  [3].  The  mechanism 
of  carbon  filament  formation  resulting  from  the  decomposition  of  hydrocarbons  on  catalyst 
metal  particles  has  been  extensively  studied  in  the  past  [8-10],  but  few  kinetic  studies  have 
been  reported  [5,8]. 

In  the  present  paper  we  report  the  results  of  characterisation  and  catalytic  behaviour  of  a 
coprecipitated  Ni-Mg0.Al203  catalyst  during  the  reaction  of  methane  cracking.  A  complete 
kinetic  study  has  been  made  of  the  main  operating  variables  of  this  process.  It  is  worth  noting 
that  most  kinetic  studies  presented  in  the  literature  only  consider  the  period  of  constant  carbon 
formation  rate  [8,9].  However,  our  experiments  indicate  that  the  rate  of  carbon  formation  is 
not  constant  and  follows  a  quite  complex  pattern  [5].  In  Figure  1,  it  is  shown  that  the  duration 
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of  the  induction  period,  ascribed  to  CNF  nucleation,  depends  of  temperature  and  H2  content. 
The  rate  of  CNF  growth  follows  a  complex  pattern  with  respect  pH}  and  this  must  be  taken 
into  account  in  the  developing  of  accurate  kinetic  models. 

For  this  reason,  the  evolution  of  the  carbon  formation  rate  over  time  has  been  measured 
during  the  complete  duration  of  each  experiment.  The  influence  of  the  operating  temperature 
and  feed  composition  on  the  methane  conversion,  hydrogen  production  as  well  as  the  carbon 
formation  rate,  has  been  studied.  The  effects  of  the  regeneration  step  on  activity  and  carbon 
formation  are  also  investigated.  A  kinetic  model  has  been  developed  for  the  prediction  of 
CNT’s  and  H2  production.  The  proposed  model  takes  into  account  the  stages  of  carbon 
formation:  nucleation,  filament  growth  and  catalyst  deactivation. 
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Figure  1: 


Figure  la.  Influence  of  pH2  and  time  on  Figure  lb.  Influence  of  pH2  and  Temperature 

carbon  content  and  carbon  formation  rate.  on  carbon  content  and  carbon  formation  rate 
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The  development  of  concepts  and  strategies  allowing  the 
design  of  molecular  networks  with  predicted  and  programmed 
structures  is  currently  under  active  investigations.  The 
engineering  of  molecular  networks  involves  modelling,  synthesis 
and  exploitation  of  crystalline  solids  with  predefined  connectivity 
patterns  between  molecules  or  ions.  This  approach  is  at  the 
intersection  of  supramolecular  and  materials  chemistry. 

Molecular  networks  are  defined  as  hyper  structures  possessing 
translational  symmetry.  Whereas  molecules  are  described  as 
assemblies  of  atoms  interconnected  by  covalent  bonds,  by 
analogy,  molecular  networks  may  be  described  as  hypermolecules 
for  which  the  connectivity  between  the  elementary  molecular 
components  (tectons)  is  ensured  by  non-covalent  and/or  reversible 
interactions.  The  formation  of  these  molecular  solids  results  from 
the  chemical  and  physical  nature  of  the  molecular  components 
comprising  the  solid.  The  design  and  formation  of  molecular 
networks  may  be  achieved  through  iterative  self-assembling 
processes  by  using  programmed  tectons  which  contain  both 
recognition  and  iteration  information. 

The  use  of  coordination  chemistry  in  the  synthesis  of  nanoscale 
molecules  represents  an  emerging  area  of  research  with  enormous 
potential.  In  this  approach,  metal  complexes  with  fixed 
coordination  geometries  and  featuring  one  or  more  labile  ligands 
are  combined  with  bridging  ligands  to  generate  a  range  of  soluble 
molecular  units.  In  many  cases,  reversible  bond  formation  enables 
repair  defects,  leading  to  pure  molecular  compounds  obtained  in 
high  yield.  Combining  the  knowledge  of  the  coordination 
preferences  of  the  metal  ions  and  the  bridging  modes  of  ligands 
utilized,  it  is  possible  to  direct  the  formation  of  specific  structures 
(particularly,  polygons  and  polyhedra  bearing  well-defined 
internal  cavities),  thereby  permitting  the  design  of  species  with  a 
variety  of  recognition  properties.  Nanoclusters  possessing  cavities 
of  tunable  dimensions,  shape,  chirality,  and  functionality  (e.g. 
hydrophobicity,  or  metal  or  anion  binding  capability)  could  yield 
applications  in  sensing,  catalysis,  and  separations.  While 
significant  progress  is  being  made  along  these  fronts,  it  is  clear 
that  much  work  is  needed  to  advance  beyond  the  ~2  nm. 

Among  a  number  of  ligands  used  as  building  blocks,  the  two 
end  functional  groups  of  dicarboxylic  acids  could  yield  a  variety 
of  crystal  structures  of  coordination  compounds  even  with  close 
chemical  formulae,  depending  of  the  conformation  of  the  carbon 
chains  and  the  end  functional  groups.  In  order  to  check  the  ability 
of  dicarboxylate  ligands  to  lead  high  dimensional  materials,  we 
have  thus  undertaken  a  study  of  the  metal  transition  malonate 
complexes  (where  malonate  stands  for  the  dianion  of  the 
propanedioic  acid,  H2mal).  This  ligand  has,  indeed  a  great  ability 
to  form  infinite  connections  with  metal  ions  and  remarkable 
versatility  in  adopting  several  different  modes  of  bonding,  ranging 
from  unidentate,  chelating  and  bridging,  sometimes  in  more  than 
one  way  in  the  same  compound.  Also  malonic  acid  is  widely  used 


in  many  important  fields  as  a  result  of  its  excellent  coordination 
ability.  The  malonic  acid  complexes  with  lanthanide  and 


transition  elements  have  been  used  in  the  fluorescent  probe 
technique,  solid  fluorescent  materials,  biological  active  materials 
and  modifiers  of  polyethylene.  Therefore,  studies  of  the  new 
complexes  with  malonic  acid  are  quite  valuable  in  theory  and 
application. 

Figure  1 .  Relationship  between  structure  and  magnetic  property 

As  anticipated  from  the  malonate  structural  relationship,  the 
magnetic  properties  of  these  complexes  were  in  general  easily 
rationalized  on  the  basis  of  the  combined  electronic  and  molecular 
structural  data.  Most  importantly,  through  these  investigations  we 


were  able  to  demonstrate  a  degree  of  rational  structural  control 
over  the  property  of  interest — magnetism — in  metal-malonate 
complexes  (Fig.  1).  The  level  of  control  over  the  structure  and 
magnetic  properties  in  metal-malonate  coordination  complexes 
cannot  be  as  easily  achieved  with  any  other  metal-carboxylate 
ligand  systems  under  study. 

From  these  studies,  an  entirely  new  set  of  building  blocks  has 
been  developed  that  clearly  demonstrate  the  enormous  potential 
offered  by  these  units  for  magnetic  materials.  The  metal-malonate 
relationships  between  structure  and  property  gained  through  this 
study  are  invaluable  for  future  rational  synthetic  investigations 
using  new  malonate  ligands.  The  groundwork  has  been  laid  for 
the  pursuit  of  unique  polymeric  arrays  containing  malonates  and 
metals,  and  it  is  expected  that  bulk  magnetism  in  these  molecular 
based  materials  can  soon  be  achieved. 
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COMPARISON  OF  FFM  AND  SFA  FRICTION  MEASUREMENTS 
UNDER  CONDITIONS  OF  LOW  ADHESION 
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The  boundary  friction  between  aromatic  thiol  and  silane  monolayers  was  measured  with 
friction  force  microscopy  (FFM)  and  the  surface  forces  apparatus  (SFA).  Under  conditions  of 
low  adhesion  (in  a  solvent),  the  dependence  of  the  friction  force  on  the  contact  area  was 
significantly  reduced,  and  good  agreement  was  found  between  friction  coefficients  // 
measured  with  the  two  techniques  despite  the  large  differences  in  the  contact  areas,  forces  and 
pressures.  The  radius  of  curvature  R  of  the  single  asperity  contact  in  these  two  techniques 
differs  by  a  factor  1 06. 


Load,  L  (mN)  Load,  L  (nN) 

Figure.  Load-dependence  of  the  friction  forces  of  monolayers  of  phenyltricholorsilane  (Ph)  and 
benzyltrichlorosilane  (Bz)  monolayers  measured  in  ethanol  with  the  SFA  at  sliding 
velocities  of  0.15-0.5  pm/s,  and  with  FFM  at  0.15  pm/s.  Open  symbols  denote  sliding  of 
a  monolayer  against  a  bare  glass  surface  in  the  SFA  ( R  =  0.2-2. 8  cm)  or  unfunctionalized 
Si  (R  =  1 1  or  33  nm)  in  the  FFM  experiments.  Filled  symbols  show  results  from  systems 
with  both  surfaces  covered  with  the  respective  silane  monolayer  (using  tips  with  R  -  16 
nm  and  11  nm  in  (b)  and  (d),  respectively).  The  insets  in  (b)  and  (d)  show  FFM  data 
obtained  with  an  unfunctionalized  Si  tip  (R  -  33  nm)  that  was  stiffer  than  the  other 
cantilevers.  The  dashed  curve  in  (a)  shows  the  friction  force  between  two  bare  glass 
surfaces  in  ethanol. 

The  friction  forces  were  generally  found  to  be  lower  when  both  sliding  surfaces  were  covered 
with  a  monolayer,  and  plateaus  in  the  friction  force  as  a  function  of  velocity  found  in  the  FFM 
experiments  appeared  at  higher  velocity,  suggesting  a  more  fluid-like  sliding. 
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Abstract 

A  single  spin-1  /2  confined  in  a  discrete  level  represents  the  ultimate  degree  of 
miniaturization  in  semiconductor  physics.  Thus,  it  is  crucial  to  understand 
the  properties  of  spintronic  transport  in  quantum  dots  (QD’s).  In  particular, 
one  might  ask  to  what  extent  the  Kondo  effect  in  QD’s  is  sensitive  to  the 
presence  of  ferromagnetic  leads  or  spin  flip  processes. 

Using  a  slave-boson  mean-field  theory,  we  have  shown  that  the  combined 
influence  of  ferromagnetic  electrodes  and  spin  flip  transitions  manifests  itself 
in  the  nonequilibirium  properties  of  a  quantum  dot.  We  find  a  splitting  of 
the  differential  conductance  when  the  spin  flip  scattering  amplitude  is  of  the 
order  of  the  Kondo  temperature.  We  discuss  how  the  relative  orientation 
of  the  lead  magnetizations  strongly  influences  the  electronic  current  and  its 
fluctuations  at  zero  temperature  (shot  noise)  in  a  nontrivial  way  [1]. 

Furthermore,  we  present  a  numerical  renormalization  group  analysis 
showing  that  the  Kondo  effect  is  not  necessarily  suppressed  by  the  lead 
polarization:  While  the  Kondo  effect  is  quenched  for  the  asymmetric  An¬ 
derson  model,  it  survives  even  for  finite  polarizations  in  the  regime  where 
charge  fluctuations  are  negligible  [2]. 
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Abstract 

In  the  Andreev  effect,  an  electron  with  spin  up,  incoming  toward  a  normal- 
superconducting  interface,  is  reflected  as  a  hole  with  spin  down.  This  may 
lead  to  exciting  consequences  in  spintronic  transport  based  devices,  where 
the  current-carrying  quasiparticles  are  spin  polarized  and  the  transport 
properties  are  strongly  sensitive  to  the  relative  orientation  of  the  ordered 
moments  of  ferromagnetic  electrodes  [1],  In  particular,  a  dc  biased  ferro¬ 
magnetic  lead  coupled  to  a  superconductor  can  induce  a  reversal  of  the  elec¬ 
tronic  flow  in  a  nearby,  grounded  lead  with  antiparallel  magnetic  moment 
due  to  crossed  Andreev  scattering  [2]. 

We  propose  a  readily  feasible  experimental  setup  that  uses  a  chaotic 
(normal)  dot  to  greatly  increase  the  transmission  probability.  Moreover,  the 
sources  of  the  competing  phenomena— superconductitivity  and  ferromag- 
netism— are  spatially  separated,  thereby  avoiding  unwanted  modifications 
ol  the  local  properties  of  the  superconductivity  and  ferromagnetism.  Within 
a  semi  classical  model,  we  present  the  conditions  for  the  Andreev  drag  effect 
in  terms  of  the  degree  of  polarization,  contact  conductances  and  spin-flip 
relaxation  time  m  the  normal  conductor.  Remarkably,  we  find  that  both 
equilibrium  and  nonequilibrium  zero-frequency  current-current  correlations 

at  different  probes  become  positive  even  in  the  presence  of  spin  flip  scatter¬ 
ing  [3J. 
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I  have  performed  an  ab  initio  study  of  the  optical  absorption  and  dielectric  properties  of  small- 
diameter  carbon  nanotubes  using  time  dependent  density  functional  theory  (TDDFT)  [1,2].  The 
calculations  have  been  performed  using  the  SIESTA  program  [3],  This  code  performs  standard 
pseudopotential  density  functional  calculations  using  a  linear  combination  of  atomic  orbitals  as  a 
flexible  basis  set.  It  has  been  specially  optimised  for  the  treatment  of  very  large  systems,  being  an 
ideal  tool  to  calculate  systems  like  large  surface  reconstructions  or  nanotubes.  The 
implementation  of  TDDFT  in  this  program  was  recently  performed  [4].  The  scheme  to  calculate 
the  optical  response  in  this  implementation  follows  closely  the  method  proposed  by  Yabana  and 
Bertsch  [5].  The  idea  is  to  apply  an  external  perturbation  to  the  system  at  time  equal  zero.  The 
system  is  then  allowed  to  evolve  by  solving  the  time  dependent  Kohn-Sham  equations.  The 
solution  of  the  coupled  equations  is  performed  making  an  unitary  Crank-Nicholson-type 
approximation  for  the  time  evolution  operator  for  small  time  durations  dt  [4],  We  then  can  obtain 
the  new  Kohn-Sham  orbitals  for  time  (t+dt)  from  the  wavefunctions  at  the  previous  time  step  t. 
The  Hamiltonian,  according  to  what  the  system  evolves,  is  taken  constant  for  this  evolution  during 
time  dt.  It  is,  however,  updated  in  each  time  step  once  the  new  electronic  density  has  been 
calculated  [4],  The  Hamiltonian  includes  the  both  the  Hartree  potential  and  the  exchange- 
correlation  potential  calculated  within  the  local  density  approximation  in  each  time  step,  this  is 
known  as  the  adiabatic  local  density  approximation. 

From  the  computed  time  evolution  of  the  density  it  is  possible  to  obtain  information  about  the 
dielectric  response  of  the  system.  For  example,  from  the  Fourier  transform  of  the  time  evolution 
of  the  electric  dipole  it  is  possible  to  obtain  information  about  the  linear  [3]  and  non-linear  [4] 
dynamical  polarizabilities  of  clusters  or  molecules.  Unfortunately,  this  scheme  as  described  to  this 
point  presents  an  important  short  coming:  it  cannot  be  directly  applied  for  the  calculation  of  the 
optical  response  of  bulk  systems.  In  the  present  study,  since  we  are  dealing  with  one-dimensional 
systems,  i.e.  infinite  along  the  axial  direction,  we  have  extended  the  implementation  of  TDDFT  in 
SIESTA  to  deal  with  infinite,  crystalline  systems.  We  have  used  for  that  the  prescription  given  by 
Bertsch  et  al.  in  Ref.  [6],  in  which  the  perturbing  electric  field  is  introduced  in  the  form  of  a 
vector  potential,  consistent  with  the  crystal  periodicity,  via  a  gauge  transformation.  The  response 
properties  are  now  not  only  calculated  from  the  density  evolution,  but  from  the  currents  created  in 
the  system. 

1  will  present  results  for  several  carbon  nanotubes  of  small  diameter  with  different  chiralities.  As 
a  benchmark  we  include  results  for  the  tubes  (3,3),  (5,0)  and  (4,2)  tube  that,  being  recently 
synthesized  inside  zeolite  channels,  have  attracted  much  attention[7]  and,  to  the  best  of  our 
knowledge,  are  the  sole  carbon  nanotubes  for  which  TDDFT  studies  of  the  optical  response  exist 
[8],  The  main  outcome  of  the  calculations  is  that,  while  for  electric  fields  directed  along  the  axis 
of  the  tube  the  TDDFT  dieletric  function  only  differs  slightly  from  those  obtained  by  classical 
time-dependent  perturbation  theory  based  on  dipolar  transitions  between  Kohn-Sham  states[7],  in 
the  case  of  electric  fields  perpendicular  to  the  tube  axis  the  full  description  of  the  screening 
provided  by  the  TDDFT  calculations  is  crucial.  For  the  perpendicular  fields,  therefore,  the  optical 
absorption  is  extraordinarily  reduce  in  accordance  with  the  experimental  information  and  the 
previous  TDDFT  results  reported  by  Wirtz  et  al.  for  the  (3,3)  tube. 
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Figures: 


Imaginary  part  of  the  dynamical  polarizability  per  unit  length 


Energy  (eV) 

Figure  1  :  Optica!  absorption  of  a  (3,3)  carbon  nanotube  for  a  field  polarization  perpendicular  to 
the  tube  axis.  The  TDDFT  calculation  is  shown  together  with  a  calculation  based  standard  non- 
self-consistent  time  dependent  perturbation  theory.  The  suppression  of  the  response  for  low 
energies  is  evident.  The  results  are  in  very  good  agreement  with  the  calculation  of  Ref.  [8] 
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The  fascination  of  the  use  of  carbon  nanotubes  in  the  field  emission  based  devices  has  opened 
a  new  era  and  offers  a  lot  of  challenges  and  opportunities  in  this  field.  Control  placement  of 
the  nanotubes  over  the  substrate  with  uniform  density  and  the  size  of  the  nanotubes  are  the 
key  issues  for  these  kinds  of  devices.  In  the  present  investigation,  carbon  nanotube  was  grown 
over  catalyst  supported  metallic  wire  by  a  very  simple  technique  called  as  Cold  Plasma 
Chemical  Vapor  Deposition  [1].  The  simplicity  of  this  growth  technique  allows  one  to  control 
the  nanotube  growth  in  better  fashion.  The  main  emphasizes  in  the  present  paper  has  been 
given  over  catalyst.  It  is  well  established  that  the  catalyst  particle  size  determines  the  diameter 
of  the  nanotube.  Liquid  catalyst  has  much  more  added  advantage  than  the  catalyst  deposited 
by  sputtering  or  the  electro-deposition.  Liquid  catalyst  preparation  using  iron  nitrate,  nickel 
nitrate  etc  with  different  concentrations  leads  to  well  control  growth  of  the  nanotubes.  Bur  the 
effect  of  inert  metal  with  catalyst  has  dramatic  effect.  Aluminum  nitrate  was  mixed  with  iron 
nitrate  or  nickel  nitrate  with  a  variety  of  fashion  while  prepare  the  liquid  catalyst  solution.  The 
inert  matrix  inside  the  metal  catalyst  matrix  leads  to  very  thin  and  sparse  growth  of  carbon 
nanotube.  Figure  1  shows  spare  growth  of  nanotube  over  the  metal  using  iron  and  aluminum 
nitrate  solution.  A  systematic  studies  have  presented. 
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Figures: 


Fig.  1.  Spares  growth  of  carbon  nanotube  over  the  metallic  wire 
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The  search  for  superhard  materials  is  motivated  by  the  researchers  as  well  as  by  the  great 
potential  of  such  materials  for  industrial  applications.  Superlattice  thin  film  consisting  of 
many  alternative  layers  in  nanometer  range  demonstrates  very  good  hardness  [1],  In  the 
present  investigation  first  we  have  made  a  detailed  review  study  regarding  the  basic 
mechanism  involved  for  the  increase  of  hardness  in  the  superlattice  film.  We  have  made  also 
some  studies  of  hardening  behavior  using  AIN  and  TiN  multilayer.  The  multilayer  films  were 
grown  using  reactive  RF  sputtering  of  A1  and  Ti  targets  alternatively.  The  Si  substrate  was 
kept  around  400°C  and  an  additional  DC  bias  was  applied  to  the  substrate.  Nanoindentation 
was  used  to  study  the  mechanical  behavior  of  this  film.  The  affect  of  bilayer  period  was  the 
main  scope.  XRD  was  also  employed  to  investigate  their  crystalline  behavior. 
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Carbon  nanotubes  are  interesting  candidates  for  the  reinforcement  in  robust  composites 
[1]  and  for  conducting  fillers  in  polymers  [2-3]  due  to  their  fascinating  electronic  and 
mechanical  properties.  However,  a  sufficient  fibre-matrix  bonding  must  be  achieved  for 
the  observation  reinforcement  effect  introduced  by  the  CNT.  For  an  inorganic  matrix  of 
Si02  a  fibre -matrix  bonding  via  Si  -  C  bridges  has  been  proposed  by  Seeger  et  al.  [4,5]. 

One  of  the  possible  reasons  is  that  the  iniciation  of  a  controlled  interface-reaction  requires 
precisely  defined  conditions  in  the  fibre-matrix  interface.  This  would  permit  the 
esablishment  of  bonds  without  destroying  the  CNT.  Laser  treatment  allows  the  precise 
control  of  reaction  in  a  very  short  time  scale.  Recently  the  authors  reported  the 
incorporation  of  MWNTs  into  glass  surfaces  by  using  a  silica  gel/MWNT  precursor  [6]. 
Here  we  report  a  similar  effect  by  the  simple  deposition  of  pristine  MWNT  on  a  glass 
surface  and  subsequent  laser  treatment.  The  surface  composites  have  been  characterised 
using  scanning  electron  microscopy  (SEM),  Raman  spectroscopy,  atomic  force 
microscopy  (AFM)  and  high  resolution  transmission  electron  microscopy  (HRTEM). 

Before  the  laser  treatment,  arc-discharge  MWNTs  were  dispersed  in  ethanol  using 
ultrasonic  treatment.  From  this  dispersion  the  MWNTs  were  then  deposited  on  the 
surface  of  a  light-microscopy  sample-support  of  silica-lime-glass.  The  laser  beam  was 
focused  on  the  MWNTs  on  the  glass-surface  with  an  energy  density  of  3.1  J/mm'2. 

Fig  la)  shows  the  surface  of  a  laser  treated  glass  surface  as  reported  in  [6]:  MWNTs 
incorporated  in  the  surface  are  bridging  a  crack.  Note  that  the  glass  surface  exhibits  a 
distinct  relief  exactly  where  a  MWNT  is  incorporated  (arrows).  Fig.  lb)  depicts  the 
surface  of  pristine  MWNT  deposited  on  the  glass  surface  after  laser  treatment  as 
described.  Besides  agglomerated  of  MWNTs  and  polyhedradral  particles  a  very  similiar 
relief  in  the  glass  surface  is  shown. 

From  this  observation  we  conclude  that  the  incorporation  of  MWNT  occures  due  to  the 
direct  interactions  between  the  MWNTs  and  the  glass  surface.  AFM  measurements  (not 
shown  here)  of  the  treated  glass  surface  reveal  a  relief  hight  of  ca  10  nm  and  a  width  of 
ca.  100  to  150  nm.  Raman  Spectroscopy  (not  shown  here)  revealed  a  strong  reaction 
MWNT  with  Silica  gel.  An  interaction  of  the  surface  incorporated  MWNT  with  the  glass 
matrix  could  not  be  observed 


TNT2003 


September  15-19,  2003 


Salamanca-Spain  497 


Poster 


Figure  1: 


Fig.  1 :  Laser  treated  glass  surfaces:  a)  silica-gel/MWNT  composite  fixed 
between  two  glass  plates,  b)  pristine  MWNT  deposited  on  the  surface 
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The  introduction  of  magnetic  or  spin-related  functions  into  semiconductor  materials  is  a  new 
challenge  for  researchers  in  the  fields  of  solid-state  physics  [1-3].  One  of  the  most  important 
issues  is  the  development  of  ferromagnet/semiconductor  hybrid  structures,  in  which  the  spin 
degree  of  freedom  can  be  used.  One  of  the  possible  solutions  comes  from  the  diluted  magnetic 
semiconductors  (DMS),  i.e.  semiconductor  compounds  in  which  a  fraction  of  the  constituent 
ions  is  replaced  by  magnetic  ions.  Several  types  of  DMSs  based  on  III— V  and  II-VI 
semiconductors  are  well  investigated,  both  theoretically  and  experimentally  [4].  Very  little 
attention  has  been  paid  to  potential  dilute  magnetic  semiconductor  behavior  in  SiC,  which  is 
at  a  relatively  mature  state  of  development  for  high-power,  high-temperature  electronics.  With 
its  wide  bandgap  (3.0  eV  for  the  6H  polytype),  excellent  transport  properties  and  dopability,  it 
would  be  a  good  candidate  for  spintronic  applications.  Recently,  some  promising  experiments 
have  been  made  on  this  compound,  implanted  with  different  transition  metals  for  which  the 
high  values  of  the  Curie  temperature  were  obtained  [5]. 

In  this  work  we  present  a  theoretical  study  of  the  electronic  structure  and  magnetic  properties 
of  different  SiC  polytypes,  doped  with  3 d  transition  metals.  The  spin-polarized  calculations 
have  been  performed  by  the  full  potential  linearized  augmented  plane  waves  within  the 
generalized  gradient  approximation.  Two  phases  were  considered:  cubic  3C  and  hexagonal 
6H,  which  are  most  often  used  in  microelectronic  technology.  Cr,  Mn  and  Fe  were  chosen  as 
doping  impurities.  The  influence  of  the  dopant  concentration  has  been  studied  by  the  creation 
of  a  2x2x2  supercell  and  replacement  of  one  or  more  silicon  or  carbon  sites  with  3 d  metal 
atom. 

The  most  distinctive  features  between  the  different  polytypes  are  the  calculated  magnetic 
moments  of  the  supercell.  In  3C-SiC,  light  magnetic  atoms  (Cr,  Mn)  are  found  to  produce  a 
ferromagnetic  phase.  However,  the  magnetic  moment  differs  when  a  dopant  atom  substitutes 
the  C  or  Si  sites.  When  an  iron  atom  is  used  as  a  dopant,  nonmagnetic  solution  occurs  for  both 
substitutional  sites.  These  results  are  rather  stable;  neither  relaxation  effects  nor  any  parameter 
variation  can  produce  nonzero  magnetic  moments  for  the  iron  dopant.  This  is  confirmed  by 
the  practically  similar  densities  of  states  (DOS),  calculated  for  the  spin-up  and  spin-down 
configurations. 

The  picture  changes  for  the  hexagonal  6H  polytype.  The  Fe-doped  system  remains  non¬ 
magnetic  if  Fe  substitutes  the  C-site,  while  it  becomes  ferromagnetic  when  the  silicon  site  is 
replaced.  This  fact  confirms  the  latest  experimental  results  [5],  where  ferromagnetism  was 
observed  in  Fe-implanted  SiC. 

Substitution  of  the  silicon  sites  with  chromium  also  leads  to  a  ferromagnetic  phase,  while  a 
non-magnetic  solution  is  observed  for  carbon.  This  situation  practically  does  not  depend  on 
the  location  of  the  dopant  site  in  the  crystal.  Manganese  provides  a  ferromagnetic  solution  for 
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both  types  of  substitution.  However,  replacements  of  Si  atoms  lead  to  higher  values  of 
magnetic  moment  of  the  system. 

The  decomposed  DOS  analysis  of  the  states  near  the  band  gap  shows  that  the  valence  band 
edge  of  the  doped  compound  consists  mainly  of  3 d  metal  atom  orbitals  hybridized  with  p 
states  of  the  neighbors. 

The  influence  of  the  relaxation  of  the  crystal  structure  and  of  the  atomic  positions  on  the 
resulting  magnetic  properties  of  doped  silicon  carbide  is  discussed  too. 
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The  tolerance  of  materials  and  devices  to  radiation-induced  defects  (RDs)  is  of  crucial 
importance  in  atomic  energy  and  space  applications.  Moreover,  the  creation  of  RDs  is  an 
inevitable  collateral  effect  in  the  ion  implantation  that  is  a  well-established  technique  of 
materials  modification.  The  electrical,  optical  and  mechanical  properties  of  implanted  layers 
strongly  depend  not  only  on  the  implanted  species  but  also  on  the  implantation  and  annealing 
conditions.  And  finally,  there  is  a  possibility  of  using  RDs  themselves  in  the  device 
technology.  With  the  onrushing  advent  of  quantum-size  semiconductor  structures  (QSSS),  the 
studies  of  RDs  in  them  rapidly  grow  in  importance. 

The  paper  reports  studies  on  electron  and  proton  irradiation  and  ion  implantation  in 
semiconductor  quantum  wells  (QW),  quantum  dots  (QD)  and  superlattices  (SL). 

What  can  we  learn  from  the  RD  studies? 

•  Influence  of  the  defects  on  the  electronic  properties  of  quantum  size  structures  and 
on  the  corresponding  device  parameters; 

•  Role  of  heterointerfaces  in  the  defect  evolution  and  defect  reactions; 

•  Elucidation  of  the  electronic  structure  of  quantum  semiconductor  structures  using 
defects  as  microprobes; 

•  Modification  of  the  structure  and  properties  of  local  defects,  well  known  from  the 
bulk  semiconductors,  through  the  influence  of  the  quantum  confinement; 

•  Novel  technological  processes  of  micro-,  nano-  and  optoelectronics. 

Radiation  hardness.  An  enhanced  radiation  hardness  of  the  photoluminescence  (PL)  and 
electroluminescence  (EL)  in  thin-layer  Si/Ge  superlattices  (SLs)  as  compared  to  Si/Ge 
quantum  wells  (QWs)  and  to  bulk  Si  has  been  found  [1]  (see  Fig.  1).  The  effect  has  been 
explained  by  the  trapping  of  mobile  Frenkel  pair  components  at  Si/Ge  interfaces,  which  is 

more  probable  than  that  at  impurity  atom  sites,  even  at  doping  levels  as  high  as  lO1^  cm*3. 

For  In(Ga)As/GaAs  QDs,  irradiation  with  electrons  or  protons  has  been  found  to  quench  the 
PL  intensity  about  one  order  of  magnitude  more  slowly  than  for  comparable  QWs  [2].  The 
improved  radiation  hardness  is  reflected  in  a  superior  performance  of  irradiated  QD  lasers  [3] 
(see  Fig.  2).  This  effect  is  in  the  first  line  due  to  a  reduced  interaction  of  charge  carriers 
localized  in  the  QDs  with  non-radiative  defects.  Moreover,  PL  excitation  and  time  resolved 
PL  experiments  have  shown  that  the  ground  state  of  the  exciton  localized  in  a  QD  is 
unaffected  by  defects,  at  least  at  moderate  irradiation  doses  [4].  Very  recently,  an  enhanced 
radiation  hardness  of  the  electrical  properties  of  the  QD  structures  upon  ion  implantation  has 
been  shown,  too  [5]. 

SL  amorphization.  The  ion  doses  needed  for  the  amorphization  of  various  crystalline 
materials  differ  by  orders  of  magnitude.  Hence,  a  selective  amorphization  of  (rather  thick) 
individual  layers  is  usually  observed  upon  ion  implantation  into  multilayer  structures.  A  quite 
opposite  result  has  been  obtained  by  the  Rutherford  backscattering/channeling  (RBS)  and 
high-resolution  cross-sectional  transmission  electron  microscopy  (HR  XTEM)  on  short-period 
Si/Ge  SLs:  the  Si  and  Ge  layers  in  the  SL  are  amorphized  simultaneously  at  one  and  the  same 
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dose  [6,7].  The  importance  of  the  relation  between  the  projected  range  of  recoil  atoms  and  the 
individual  layer  thickness  in  the  SL  has  been  emphasized  and  proven  in  subsequent 
experiments  with  AlAs/GaAs  SLs  [8].  The  role  of  intermixing  still  is  a  matter  of  debate.  Ion- 
induced  intermixing  is  particularly  important  in  the  QW  laser  fabrication  (e.g.  GRINSCH: 
graded-index  separate  confinement  heterostructure).  It  seems  that  mixing  in  the  collision 
cascades  is  rather  weak.  As  shown  by  the  Raman  scattering  and  PL,  the  mixing  during  the 
post-irradiation  heat  treatment  is  strong  and  occurs  due  to  the  defect-enhanced  diffusion  [9]. 
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Figure  1.  EL  spectra  of  a  Si6Ge4  SL  and  a 
Ge2Si2oGe2  QW  prior  to  and  after  irradiation 
with  5xl016  cm'2  of  3-4  MeV  electrons. 
Tmeas  =  4.2  K. 


Figure  2.  Optical  output  power  against  current 
in  pulsed  operation  for  same  QW  and  QD 
lasers  before  and  after  irradiation  with  2xl013 
cm'2  of  2.4  MeV  protons  [5]. 
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STUDY  OF  THE  DISSIPATIVE  SYSTEMS  OF  FERMIONS 
(DSF)  IN  OPTICAL  AND  NUCLEAR  ENGINEERING 


Eliade  §tefanescu,  Andreea  Rodica  Sterian,  Paul  Sterian 
Academic  Center  for  Optical  Engineering  and  Photonics,  Bucharest  Polytechnics 


University,  Bucharest,  Romania, 


The  systems  of  fermions  are  essential  for  describing  some  very  important 
phenomena  as  nuclear  giant  resonances,  fusion  and  fission  reactions  semiconductor 
nano-structures  and  high  temperature  superconductibility. 

In  such  systems,  the  dissipative  coupling  mechanism  in  very  important 
describing  the  studied  system  coupled  with  another  system  having  a  large  state 
density,  that  is  the  environment. 

Generally,  the  dissipative  dynamics  of  a  quantum  system  is  described  by  a 
master  equation  of  Lindblad  type: 

4  «(<) = -{[H,  M*  \  Z «,  M'K  14-  p('K  5  (D 

at  n  l  ij 

where  H  is  the  system  hamiltonian,  s ,  are  the  system  operators  and  atJ  =  a* 
are  complex  dissipative  coefficients. 

Their  number  is  N2-l  for  a  system  with  N  energy  levels,  that  is  a  big  number 
for  a  complex  system  of  particles. 

To  avoid  this  difficulty,  explicit  expressions  of  the  dissipative  coefficients, 
depending  of  the  two-body  interaction  and  the  environment  properties  are  necessary. 

Using  a  method  proposed  by  Ford,  Lewis  and  O’Connell,  we  have  obtained  a 
master  equation  for  a  fermions  system  in  a  dissipative  environment  of  a  particles: 


P  (tp-F)lkT 


•  (k c,  p(i\ cj c,  ] + k  cj » p(*  k  c])  (2) 


where  H  is  the  system  hamiltonian,  c*  ,ct  are  the  creation  and  annihilation  operators 


and  Ay  are  real  dissipative  coefficients. 

We  have  evaluated  these  coefficients  describing  the  N2-N-l  induced  transitions 
by  the  environment  in  a  system  of  N  uniparticle  states. 
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The  coefficients  Xtj  are  dependent  of  three  dissipative  parameters:  the 
temperature  T,  the  Thomas-Fermi  coefficient  A  and  the  radius  rc  which  depends  of 
the  dissipative  potential. 

In  this  description  a  transition  ] _/)  —  | /')  induced  by  the  environment  is 
characterized  as  a  probability  flux  reflected  on  a  potential  surfaces  Z  from  one  state 
|  j)  to  another  one  |  /) . 

The  properties  of  the  dissipative  matrix  (Atj),  for  the  case  of  a  complex  model 

having  six  energy  levels  of  a  rectangular  potential  were  illustrated  and  their 
dependence  on  dissipative  parameter  was  discussed.  The  results  have  a  direct  physical 
interpretation.  We  have  found  that  the  dissipative  matrix  elements  Ayare  essentially 

dependent  on  the  population  distribution  of  the  environment  states.  For  a  normal 
distribution  of  these  states,  the  relaxation  coefficients  are  bigger  than  those  of 
relaxation,  the  states  occupied  by  the  system  being  the  lower  one. 

For  a  reverse  distribution  of  the  environment  states,  the  system  moves 
preponderantly  toward  an  excited  state.  This  state  corresponds  to  a  stable 
configuration  of  excited  fermions  on  higher  levels,  forming  a  cluster  which  finally  is 
emitted  by  a  process  of  dissipative  tunneling.  This  mechanism  is  proposed  to  describe 
the  population  distribution  in  the  clustering  process. 

We  established  a  weak  dependence  of  temperature  of  this  distribution. 

Another  two  parameters,  A  and  rc  are  important  in  the  transition  rate 
magnitude  but  not  in  the  spectrum  of  the  transition  probabilities  so  that  for  a  steady 
state,  their  influence  can  be  neglected. 
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PREPARATION  AND  SOME  PROPERTIES  OF  Cu-Te-S  THIN 
FILMS  ON  THE  POLYAMIDE(PA)  SURFACE 

Vida  Judita  Sukvte.  Remigijus  Ivanauskas,  Vitalijus  Janickis 

Department  of  Inorganic  Chemistry, Kaunas  University  of  Technology 

The  semiconductor  gas  sensors  market  generated  11.5percent  of  revenues  in 
the  European  industrial  gas  sensors  market  in  1997. Manufacturers  of  semiconductor 
gas  sensors  have  continuously  found  new  applications  and  markets  for  their  products, 
which  are  some  of  the  lowest  cost  gas  sensors  to  be  found. 

This  work  was  basically  inspired  by  an  increasing  interest  in  new 
semiconductor  as  a  material  for  an  application  in  flexible  and  efficient  gas  sensors 
production.  Applications  as  solar  control  coatings  and  as  a  conductive  base  for  opt 
electronic  device  structures  are  among  the  possibilities  for  these  new  Cu-Te-S  films 
on  modified  PA.  To  our  knowledge  the  formation  of  semi  conductive  containing 
tellurium  thin  films  of  chalcogenides  such  as  CuxTey  and  CuxSy  by  sorption-diffusion 
processes  on  modified  polymeric  substrate-polyamide  PA,  has  so  far  not  been 
reported.  The  research  has  been  undertaken  for  clarifying  the  kinetics  of  the  diffusion 
of  chalcogens  into  PA  surface  and  some  structural  and  electrical  properties  of  such 
films  has  been  investigated  also. 

.  The  diffusion-  sorption  of  chalcogens  and  Cu  into  PA  are  concentration  of 
initial  Na2TeS406  solution,  as  a  source  of  chalcogens,  an  exposure  time  and 
temperature  dependent  The  concentrations  of  sulfur,  diffused  per  gramme  of  PA, are 
significantly  lower  than  concentrations  of  tellurium  and  copper.  The  stoichiometry  of 
prepared  Cu-Te-S  films  was  established  by  UV-Visible  and  AA  spectrometry  analysis 
and  confirmed  by  X-ray  diffraction,  corresponding  to  CuxTey  or  CuxSy  formula.  X- 
ray  diffraction  measurements  were  performed  at  low  and  medium  diffraction  angles 
using  CuKa  radiation  (voltage  30  kV)  in  a  DRON-3  diffract  meter  provided  with  a 
special  device  for  beam  limitation  and  a  graphite  monochromator  in  the  diffracted 
beam. 

Samples  of  prepared  Cu-Te-S  thin  films  of  different  compositions  are 
polycrystalline  and  many  of  them  have  some  binary  phases  such  as  Cu2Te,  CU3. 
sTe2,Cu2-5S.The  phases  of  tetragonal  copper  telluride  Cu2.72Te2(43-1401)  and 
orthorhombic  vulcanite  CuTe  (13-258)  were  found  in  the  thin  films  on  the  PA  surface, 
among  them  orthorhombic  aniliteCu7S4  (72-617)  and  copper  sulfideCui  sS  (75-2241) 
phases.  The  variation  in  grain  size  of  the  crystallites  for  various  films  composition  is  a 
function  of  non-molecularity,  5,  which  shows  the  position  of  a  sample  of  any 
stoichiometry  on  the  CuxSy-CuxTey  pseudo-binary  tie  -line.  (The  midpoint  on  this  line 
is  stoichiometric  Cu2Te,  Cu  3Te2,  Cu2S.8<  0  represents  Cu-rich  material  while5>  0  is 
for  Te  -rich  one).  Our  data  also  clearly  points  out  that  the  crystallinity  of  the  films 
increases  as  the  copper  content  in  the  film  goes  up. 

The  resistance  to  constant  current  of  Cu-Te-S  thin  layers  with  different 
composition  was  measured  on  an  E7-8  numerical  measuring  device  with  special 
electrodes.  The  electrical  properties  of  investigated  films  are  very  sensitive  to 
variations  in  the  films  composition.  Cu-Te-S  polymer  composites  indicate  p-type 
electricity  conductive  properties  and  have  electrical  resistance  in  the  range  of  1.5x10' 
3-4.0x10'3Q/D  to  3-5Q/D  after  to  2-3  hours  of  an  exposure  in  0.05-0.1  mol.dm' 
3 solutions  ofNa2TeS406,  and  1.0-1. 5  Q/D  after  24-72  hours  of  exposure 
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ELECTRICAL  MEASUREMENTS  ON  SINGLE  NANOWIRES 
FABRICATED  IN  ETCHED  ION-TRACK  MEMBRANES 

M.E.  Toimil  Molares1.  N.  Chtanko1,  Th.  Cornelius',  D.  Dobrev1, 1.  Enculescu',  E.  M.  Hohberger2,  Ch. 

Schaeflein2,  R.H.  Blick2,  R.  Neumann1 

'Gesellschafit  fur  Schwerionenforschung  (GS1), 

Planckstr.  1,D-64291  Darmstadt,  Germany. 

2  Center  for  Nanoscience  and  Sektion  Physik,  Ludwig-Maximilians-UniversitSt,  Geschwister-Scholl- 

Platz  1,  D-80539  Munich,  Germany. 

E-mail:  e.toimil@gsi.de 

Electrical  properties  of  nanowires  are  being  intensively  studied  due  to  their  potential 
applications  in  the  nanotechnology  industry  [1].  Besides,  they  are  considered  excellent  objects 
to  study  how  the  properties  of  solids  deviate  from  the  macroscopic  behavior  when  their 
dimensions  are  comparable  to  the  characteristic  length  scales.  To  gain  insight  in  electron 
transport  mechanisms,  it  is  necessary  to  measure  absolute  values  of  the  resistance  of  single 
nanowires.  This  requires  contacting  single  nanowires  individually  [2].  Several  techniques 
have  been  reported  in  literature,  which  enable  to  contact  single  nanowires  individually, 
however  usually  only  transport  measurements  on  wires  with  a  maximum  aspect  ratio  (length 
over  diameter)  of  up  to  10  have  been  described.  In  this  paper,  we  will  report  about  two 
different  methods  to  contact  single  nanowires:  optical  lithography  and  electrochemical 
deposition  in  etched  single- ion  track  membranes.  The  latter,  allows  the  study  of  the  transport 
properties  of  single  nanowires,  with  a  maximum  aspect  ratio  of  1000. 

We  have  created  copper  and  bismuth  nanowires  with  diameters  as  small  as  30  nm  by 
electrochemical  deposition  in  polymeric  etched  ion-track  membranes  [3,4].  After  dissolution 
of  the  polymeric  membrane,  gold  contacts  have  been  fabricated  by  optical  lithography  on  top 
of  single  nanowires  on  a  Si02  substrate.  Current-voltage  characteristics  display  an  ohmic 
behaviour.  Oxidation  of  the  wire  was  evidenced  by  a  dramatic  resistance  increase.  Since  Cu20 
is  a  p-type  semiconductor,  the  1-U  curve  after  oxidation  of  the  wire  was  non-linear  and 
resembled  such  from  two  Schottky  diodes  in  a  back-to-back  configuration  [5]. 

Alternatively,  single  nanowires  have  been  created  by  electrochemical  deposition  in  etched 
single- ion  track  membranes.  Similar  to  the  process  used  for  fabricating  many  pore 
membranes,  the  worldwide  unique  single-ion  irradiation  facility  existing  at  GS1,  enables  us  to 
create  polymer  foils  (diameter  up  to  5  cm)  with  a  single  pore  placed  at  the  center.  The 
geometry  of  the  pore  is  determined  by  the  etching  conditions,  being  possible  to  fabricate 
cylindrical  or  conical  wires  [6].  After  the  growth  of  the  wire,  a  thin  gold  layer  is  sputtered  on 
top.  The  wire,  embedded  in  the  membrane,  is  thus  contacted  with  a  very  low  contact 
resistance.  Absolute  values  of  the  resistance  of  single  bismuth  nanowires  with  diameters 
ranging  between  80  nm  and  1  pm  have  been  successfully  measured.  Up  to  our  knowledge, 
electrical  contacts  on  single  bismuth  nanowires  had  been  performed  before  only  by  a 
combination  of  electron  beam  lithography  and  focused  ion  beam,  and  difficulties  due  to 
oxidation  had  been  reported  [7].  With  our  method,  the  wire  remains  embedded  in  the 
polymeric  membrane,  and  is  covered  by  gold  on  both  sides,  being  protected  except  for  several 
minutes  from  direct  contact  with  air.  The  resistance  value  measured  for  these  single  wires  was 
constant  over  several  months  (less  than  8%  change),  even  when  measuring  continuously 
during  several  days.  Finally,  this  method  also  allows  the  transport  measurements  on 
nanowires  embedded  in  different  matrixes  (e.g.  Polycarbonate,  Polyimide,  PET,  Mica,  Si02). 
Results  obtained  for  single  copper  and  bismuth  nanowires  will  be  presented.  Advantages  and 
disadvantages  of  both  contacting  methods  will  be  discussed. 

TNT2003  September  15-19, 2003  Salamanca-Spain  507 


Poster 


References: 

[1]  Y.  Xia,  P.  Yang,  Y.  Sun,  Y.  Wu,  B.  Mayers,  B.  Gates,  Y.  Yin,  F.  Kim,  H.  Yan,  Adv.  Mater. ,  15 
(2003)353. 

[2]  C.  Durham,  M.E.  Welland,  Phys.  Rev.  B,  61  (2000)  4215. 

[3]  M.E.  Toimil  Molares,  V.  Buschmann,  D.  Dobrev,  R.  Neumann,  R.  Scholz,  l.U.  Schuchert,  J. 

Vetter,  Adv.  Mater. ,  13  (2001)  62. 

[4]  M.E.  Toimil  Molares,  J.  Br8tz,  V.  Buschmann,  D.  Dobrev,  R.  Neumann,  R.  Scholz,  l.U.  Schuchert, 
C.  Trautmann,  J.  Vetter,  Nucl.  Instr.  and  Meth.  in  Phys.  Res.  B  185  (2001)  192. 

[5]  M.E.  Toimil  Molares,  E.M.  Hohberger,  Ch.  Schaeflein,  R.H.  Blick,  R.  Neumann,  C.  Trautmann, 
Appl.  Phys.  Lett. ,  82  (2003)  2139. 

[6]  I.  Enculescu,  Z.  Siwy,  D.  Dobrev,  C.  Trautmann,  M.E.  Toimil  Molares,  R.  Neumann,  K.  Hjort,  L. 
Westerberg,  and  R.  Spohr,  Appl.  Phys.  A,  77  (2003)  751 . 

[7]  S.B.  Cronin,  Y.-M.  Lin,  O.  Rabin,  M.R.  Black,  J.Y.  Ying,  M.S.  Dresselhaus,  P.L.  Gai,  J.-P.  Minet 
and  J.P.  Issi,  Nanotechnology,  13  (2002)  653. 


508  TNT2003 


September  15-19,  2003 


Salamanca-Spain 


rosier 
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The  interacting  induced  dipole  polarization  model  implemented  in  our  program  POLAR  is  used  for  the 
calculation  of  the  dipole-dipole  polarizability  a  [1].  The  method  is  tested  with  zigzag  («,0)  (7  <n  <  12) 
single-wall  carbon  nanotube  models  as  a  function  of  nanotube  radius  and  elliptical  deformation  [2-8]. 
The  results  for  the  polarizability  follow  the  same  trend  as  reference  calculations  carried  out  with  our 
version  of  program  PAPID  [9]. 

For  the  zigzag  tubes  [10-12],  the  polarizability  is  found  to  follow  a  remarkably  simple  law,  varies  as 
the  inverse  of  the  radius  (Fig.  1).  An  effect  is  also  found  with  elliptical  deformation.  It  is  found  that  the 
polarizability  and  related  properties  can  be  modified  continuously  and  reversibly  by  the  external  radial 
deformation.  The  effects  of  curvature  and  radial  deformation  depend  on  the  chirality  of  the  tube.  The 
results  suggest  an  interesting  technology,  in  which  mechanical  deformation  can  control  chemical 
properties  of  the  carbon  nanotubes.  This  remarkable  and  significant  tunable  adsorption  can  have 
important  implications  for  metal  coverage,  and  selective  adsorption  and  desorption  of  foreign  atoms  and 
molecules  on  nanotubes,  and  can  lead  to  a  wide  variety  of  technological  applications,  such  as  catalysts, 
hydrogen  storage,  magnetic  tubes,  etc. 

A  graph-theoretical  study  of  the  zigzag  nanotube  models  has  also  been  performed.  For  the  nanotube 
models,  the  Kekule  structure  count  K-  2  is  constant  and  smaller  than  for  the  corresponding  planar 
acenes  (heptacene  to  dodecacene  linear  polybenzenoid  hydrocarbons,  K  in  the  range  8-13).  This 
suggests  a  smaller  stability  for  the  former.  Moreover,  for  the  nanotube  models  the  permanent  of  the 
adjacency  matrix  of  the  hydrogen-suppressed  graph  per(A)=  16  is  constant  and  smaller  than  for  the 
corresponding  acenes,  per(A)  in  the  range  64-169.  Since  the  quotient  per(A)/ln.K  is  2  for  alternant 
hydrocarbons  (e.g.,  benzene)  or  >~2  for  rather  conjugated  hydrocarbons  (e.g.,  buckminsterfullerene 
per(A)/ln/C  =  2.0986),  this  ratio  for  the  nanotube  models  (per(A)/lrrK  =  4)  is  constant  and  smaller  than  for 
the  corresponding  acenes  (per(A)/lnA:  =  2).  This  confirms  the  smaller  stability  for  the  former. 

The  results  of  the  graph-theoretical  study  are  in  agreement  with  the  standard  heats  of  formation  per  C 
atom  Calculated  with  MOPAC-AM1  (Fig.  2).  While  nanotube  models  are  strongly  stabilized  with 
increasing  number  of  C  atoms  v,  planar  acenes  are  slightly  destabilized  for  greater  v.  The  value 
extrapolated  for  «->oo  results  25.08  and  27.70k.Lmor1  for  nanotube  models  and  planar  acenenes, 
respectively. 

Provisional  conclusions  follow. 

1.  Due  to  the  differences  between  POLAR  and  PAPID  results,  it  may  become  necessary  to  recalibrate 
POLAR.  The  results  of  good  quality  ab  initio  calculations  might  be  suitable  as  primary  standards  for 
such  a  calibration.  Work  is  in  progress  on  the  recalibration  of  POLAR. 

2.  The  polarizability  of  a  zigzag  SWNT  model  can  be  modified  reversibly  and  variably  by  the  radial 
deformation.  PAPID  differentiates  more  effectively  than  POLAR  among  SWNT  models  with  increasing 
radial  deformation. 

3.  Different  effective  polarizabilities  are  calculated  for  the  atoms  at  the  sharp  and  flat  sites.  POLAR 
discriminates  more  efficiently  than  PAPID  between  aeffofthe  sharp  and  flat  sites. 
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4.  The  physics  and  chemistry  of  SWNT  models  permit  a  difference  for  undeformed  and  elliptically 
deformed  SWNTs.  While  all  positions  in  the  undeformed  SWNT  are  identical,  a  variation  of  C  atoms  is 
found  in  deformed  SWNTs.  The  different  atoms  display  different  chemical  reactivities.  These  different 
reactivities  were  observed  in  the  chemistry  of  fullerenes  C6o  and  C70. 
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Fig.  1.  Elementary  polarizability  per 
atom  of  the  zigzag  (n,  0)  ( 7  <  n  <  12 ) 
SWNT  models  vs.  the  radius  of  tubes. 


Fig.  2.  Standard  heat  of  formation  per 
C  atom  calculated  with  MOPAC-AM 1 
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GATE  VOLTAGE  DEPENDENCE  OF  TRANSMISSION  AND  SCATTERING 
IN  NANOTUBE-BASED  FIELD  EFFECT  TRANSISTORS 


Francois  Triozon  (1),  Stephan  Roche  (1),  Angel  Rubio  (2),  and  Didier  Mayou  (3) 

(1)  Commissariat  a  l'Energie  Atomique,  DSM/DRFMC/SPSMS, 

17  avenue  des  Martyrs,  38054  Grenoble  Cedex  9,  France 

(2)  DIPC,  San  Sebastian,  Spain 

(3)  LEPES-CNRS,  Grenoble,  France 

Understanding  the  precise  conduction  mechanisms  in  carbon  nanotubes  together  with  the  coupling 
effect  with  nanoelectrodes  is  of  crucial  importance  for  the  further  developement  of  carbon  based 
nanodevices.  Today's  experiments  bring  controversial  interpretation  of  field  effect  on  nanotube- 
based  transistors,  with  a  major  role  played  either  by  the  Schottky  barrier  in  between  a 
semiconducting  nanotube  and  metallic  contact,  or  by  intrinsic  electronic  mobilities  in  the 
framework  of  conventional  theory  of  CMOS  devices.  To  investigate  simultaneously  both  scenario  it 
is  necessary  to  employ  efficient  numerical  order  N  methods  that  enable  both  an  atomistic 
description  of  metal/nanotube  contacts,  together  with  a  proper  accounting  of  intrinsic  scattering 
within  the  nanotubes  due  to  the  presence  of  defects,  substitutional  dopants,  or  chemisorbed 
molecular  entities.  We  have  developed  such  a  method  based  on  real  space  calculations  and 
recursion  approaches  [1].  In  this  presentation  we  will  first  investigate  the  propagation  of  electrons 
in  single-wall  and  multi-wall  carbon  nanotubes.  We  analyze  how  the  scattering  by  structural 
defects,  as  well  as  the  inter-tube  coupling,  both  depend  on  the  position  of  the  Fermi  level.  Second, 
we  consider  the  effect  of  a  varying  electrostatic  potential  along  the  nanotube  due,  for  instance,  to  a 
potential  drop  close  to  the  electrodes,  or  to  an  applied  gate  voltage.  The  transmission  coefficients 
through  different  potential  profiles,  in  perfect  or  disordered  nanotubes,  are  compared.  Finally  a 
study  of  transmission  in  presence  of  a  Schottky  barrier  in  a  real  nanotube  based  device  is 
performed,  and  the  main  operating  regimes  outlined.  The  combination  of  these  transmission  and 
scattering  properties  provide  us  with  important  informations  to  understand  the  behaviors  of 
nanotube-based  field  effect  transistors. 
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VISCOELASTIC  PROPERTIES  OF  MULTIWALLED  CARBON 
NANOTUBE  SOLUTIONS 

Isabel  Echeverrla 

Department  of  Chemistry,  University  of  Wisconsin, 
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Antonio  Urbina 
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C/Doctor  Fleming  s/n,  30202  Cartagena,  Spain 

We  have  prepared  solutions  of  multiwalled  carbon  nanotubes  in  very  low  pressure 
vapor  solvents  (a  mixture  of  polychlorinated  biphenyls).  The  solutions  are  very  stable 
and  have  shown  no  sign  of  precipitation  for  months.  Rheological  measurements  using 
anular  and  Sogel-Pochetino  geometries  have  been  performed. 

We  obtained  the  real  and  imaginary  part  of  the  complex  viscosity  coefficient  in  a 
frequency  range  covering  eight  orders  of  magnitud  and  a  temperature  range  form  5  to 
50°C.  The  data  shows  unexpected  changes  in  the  solution  with  temperature:  for  T  below 
20°C  there  appears  to  be  substantial  reorganization  or  clustering,  suggesting  incipient 
formation  of  a  liquid  crystalline  phase  (the  solution  concentration  is  at  least  1000  times 
the  overlap  concentration  of  the  nanotubes).  This  self-organization  could  result  in  a 
useful  technique  to  improve  the  electronic  properties  of  polymer/carbon  nanotubes 
composites  used  in  electronic  devices,  specially  organic  photovoltaic  cells. 
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ROLE  OF  SUBSTRATE  GEOMETRY  IN  SLIDING  FRICTION 

Andrea  Vanossi  .  Alan  R.  Bishop  ,  and  Virginio  Bortolani 
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E-mail:  vanossi.andrea@unimo.it 

Especially  in  the  emerging  discipline  of  nanosciences,  understanding  the  atomic  processes 
occurring  at  the  interface  of  two  interacting  systems  in  relative  motion  is  central  to  many 
technological  applications  [1]. 

In  the  context  of  solid  friction  phenomena,  we  study,  via  a  Frenkel-Kontorova  (FK)  model 
approach  [2],  the  role  of  the  substrate  potential  geometry  on  the  underdamped  dynamics  of  a 
chain  of  interacting  atoms.  The  choice  of  an  on-site  potential  defined  by  the  sum  of  two 
sinusoidal  functions  with  different  periodicity  allows  us  to  simulate  microscopic  sliding  over 
simply  periodic,  multiple-well  periodic  [3]  and  quasiperiodic  substrates  [4], 

We  comment  on  the  nature  of  the  particle  dynamics  in  the  vicinity  of  the  pinning-depinning 
transition  point  and  consider  the  role  played  by  the  coverage  variable  on  the  depinning 
mechanism.  We  also  investigate  on  the  different  nonlinear  excitations  forming  during  sliding 
and  characterizing  the  dynamical  states  observed  at  different  strengths  of  the  imposed  driving. 
The  dependence  of  the  static  friction  on  the  ratio  of  the  model  interaction  strengths  is 
analyzed  in  detail  and  compared  to  the  well-known  case  of  the  standard  FK  model. 

Even  though  an  analysis  in  the  presence  of  a  thermal  bath  would  be  more  exhaustive 
(Langevin  equation  approach),  we  also  examine  the  hysteretic  behaviour  (see,  e.g.,  Fig.  1.)  of 
the  chain  mobility  as  a  function  of  the  adiabatically  varying  force  at  zero  temperature. 
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Figures: 
Fig.  1. 


Fig.  1.  Dependence  of  the  chain  mobility  p  on  the  driving  force  F  for  two  different  values  of 
the  interparticle  interaction  strength  K.  In  this  quasiperiodic  FK  model,  the  system  length  and 
the  number  of  particles  in  the  chain  are,  respectively,  Z,=144  and  N=233  ( golden  mean  case). 
The  value  of  the  damping  coefficient  y  (=0.7)  is  chosen  in  the  underdamped  regime.  The 
colours  blue  (increasing  F)  and  red  (decreasing  F)  show  the  hysteretic  behaviour  of  the 
mobility. 
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INTERACTION  OF  INTRINSIC  LOCALIZED  MODES  IN  THE  GAP  OF 
DOPED  SEMICONDUCTORS  WITH  PLASMONS 
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A  theoretical  investigation  has  been  made  of  the  interaction  of  intrinsic  localized  modes  with 
plasmons.  The  existence  of  highly  localized  modes  in  anharmonic  crystals  is  by  now  well 
established  [1].  These  modes  have  been  termed  intrinsic  localized  modes  (ILMs),  reflecting 
the  fact  that  no  external  defects  are  needed  for  their  creation. 

In  a  diatomic  chain  with  realistic  potentials,  however,  Kiselev  et  al.  [2]  showed  that  ILMs 
arise  in  the  gap  between  the  acoustic  and  the  optical  branches.  The  above  treatments  are  based 
on  the  rotating  wave  approximation  (RWA)  in  which  the  atomic  displacements  contain  a 
static  part  and  a  vibrational  part  proportional  to  cos  (cot),  where  a>  is  the  frequency  of  the 
stationary  localized  mode.  Localized  vibrational  states  have  been  measured  in  PtCl2  [3]. 

The  anharmonic  localized  modes  for  one-dimensional  diatomic  lattice  have  been  determined 
in  this  investigation  using  a  two-body  potential  which  describe  the  interactions  among 
particles  in  a  zinc-blende  structure  material.  Calculations  have  been  performed  for  GaN, 
because  of  its  large  gap.  A  typical  displacement  pattern  of  the  gap  ILM  [4]  is  shown  in 
Fig.  la. 

To  study  the  coupling  we  have  added  to  the  equation  of  motion  of  atoms  an  electric  field  to 
produce  the  plasmon.  Solving  the  system  we  obtain  the  dynamical  displacements  pattern  from 
which  we  determine  the  microscopic  polarization.  The  displacement  pattern  of  the  ILM 
coupled  with  the  plasmon  is  shown  in  Fig. lb. 

Evaluating  the  macroscopic  polarization  we  can  determine  the  frequency  of  the  combined 
system  for  which  the  dielectric  function  is  zero.  In  this  case  a  longitudinal  disturbance  which 
does  not  couple  to  the  electric  field  is  possible. 


Keywords: 

Theoretical  methods,  models  and  techniques:  Semiempirical  models  and  model  calculations , 
models  of  nonlinear  phenomena 
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Figures: 
Fig.  1. 


a)  b) 


Fig.  1.  Panel  a)  gap  1LM  at  ?  =  558  cm'1.  The  diamonds  indicate  the  static  diplacements; 
panel  b)  1LM  coupled  with  the  plasma  oscillation. 
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SYNTHESIS,  PHOTOPHYSICAL  PROPERTIES  AND  NANO-CRYSTAL 
FORMATION  OF  A  NEW  CLASS  OF  TETRA-N-SUBSTITUTED 

PERYLENES* 
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A  new  class  of  perylene-derived  dyes,  tetra(carboxamido)perylenes  has  been  obtained  by  a 
generally  applicable  synthetic  method.  Derivative  A  is  shown  to  form  nano-crystalline 
aggregates  in  DMSO  which  display  significantly  modified  photophysical  behaviour  with 
respect  to  the  monomer  and  which  were  studied  using  AFM  techniques. 


t&u  ^  IBu 


Perylenes  as  pigments  and  fluorescent  dyes  have  found  wide  ranging  applications  in  very 
diverse  fields  of  current  research.11'31  There  are  very  few  examples  of  tetra-N-substituted 
perylenes  to  be  found  in  the  literature  to  date  which  is  due  to  the  cumbersome  nature  of  the 
established  preparative  methodes.[4]  We  recently  discovered  a  novel  and  efficient  route  to  4,9- 
diaminoperylenequinone-3,10,-diimines15]  and  showed  that  it  is  possible  to  convert  these 
quinoidal  systems  to  the  reduced  3,4,9, 10-tetraaminoperylenes,16]  a  class  of  compounds  which 
has  very  recently  been  cited  in  the  patent  literature  of  photovoltaic  devices.173 

The  UV-vis  absorption  spectra  of  compound  B  in  dichloromethane  turned  out  to  be 
virtually  concentration  independent.  However,  whereas  compound  A  is  only  sparingly  soluble 
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in  dichloromethane,  its  behaviour  in  dimethylsulfoxide  (DMSO)  is  very  different  and  at  high 
concentrations  (10'2  M)  gives  rise  to  magenta  solutions  which  display  significantly  changed 
photophysics.  The  absorption  is  strongly  red-shifted  and  broadened  relative  to  the  monomer, 
with  a  maximum  at  574  nm  while  the  emission  of  the  aggregated  form  is  located  at  690  nm, 
and  has  much  lower  quantum  yield  (10‘2). 

A  fresh  magenta  solution  of  the  compound  at  high  concentration  (10'2  M)  was  studied 
with  scanning  probe  microscopy  (AFM-tapping  mode)  (see  Figure).181 

The  sample  consists  of  long  rod  type  structures  with  a  length  between  1 00  and  400 
nm,  a  width  of  approximately  40  nm  and  a  height  of  only  2  nm.  The  observed  structures  can 
best  be  described  as  nano-crystals. [9]  Related  structures  have  been  studied191  which  were  made 
by  the  reprecipitation  method  (involving  injection  of  perylene-solutions  into  hot  water).  They 
can  be  considered  a  special  form  of  "Scheibe"  or  J  aggregates  because  of  their  linear  rod  type 
shape  even  though  we  do  not  have  a  direct  spectroscopic  evidence  of  their  nature.  It  is  worth 
to  notice  however  that  the  solvent,  DMSO,  plays  a  major  role  in  the  formation  of  the  rods  and 
it  is  the  only  solvent  in  which  was  possible  to  grow  such  nanocrystals. 
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We  study  in  the  effective  mass  approximation  the  electronic  structure  of  an  n-type 
InAs  quantum  wire  (QWire)  with  built-in  InAs/InP  heterojunctions  via  self  consistent 
Poisson-Schrodinger  (SCPS)  calculations  in  cylindrical  coordinates.  Rapid 
convergence  and  efficiency  are  achieved  by  (i)  a  suitable  transformation  of  the  radial 
part  of  the  Hamiltonian  matrix  thereby  maintaining  symmetry  (ii)  using  quantum 
mechanical  perturbation  theory  to  derive  an  expression  for  the  change  in  electron 
density  with  electrostatic  potential. 

We  calculate  the  energy  levels  in  a  150A  long  InAs  QDot  surrounded  by  50A 
strained  InP  barriers  within  an  InAs  QWire  of  radius  200A  having  a  doping  level  of 
lxlO16  cm'3  and  conduction  band  discontinuities  of5Ec  =  0.6  eV.  In  equilibrium  there 
are  two  QDot  states  at  15  meV  and  1 10  meV  above  the  Fermi  level.  We  find  that 
upon  variation  of  the  applied  source-drain  voltage  Vsd ,  the  entire  structure  gets  into 
resonance  at  Vsd  =  88  mV.  This  is  in  good  agreement  with  an  experimental  study  of 
resonant  tunnelling  in  a  nominally  un-doped  InAs/InP  QWire  of  similar  dimensions, 
grown  in  the  [111]  direction,  where  resonance  was  detected  at  80  mV,  and  a  small 
shift  (<  5mV)  in  its  position  occurred  upon  inverting  the  voltage  polarity.  We  rule-out 
barrier  asymmetry,  band-bending  due  to  impurities  or  defects  and  contact  effects  as 
being  the  origin  of  the  current  asymmetry  and  attribute  it  to  the  strain  induced 
piezoelectric  charges  at  the  InP/lnAs  interfaces. 
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EXPLORING  THE  ELECTRIC  PROPERTIES  OF 
METALLOPROTEIN  AT  MOLECULAR  LEVEL 

Jianwei  Zhao  and  Jason  J.  Davis* 

Inorganic  Chemistry  Laboratory  South  Parks  Road,  Oxford,  0X1  3QR; 
Bionanotechnology  IRC,  Clarendon  Laboratory,  Parks  Road, Oxford  0X1  3PU  UK 

Understanding  how  electrons  transfer  through  protein  is  of  essential  importance  in  life 
science  and  exploiting  new  molecular  electronic  devices. 

In  order  to  reveal  intrinsic  electron  transfer  properties,  one  requires  providing  a  versatile 
technique  at  molecular  level. 

In  present  work,  the  electron  transfer  through  metalloprotein  was  investigated  using 
conducting  atomic  force  microscopy  by  assembling  the  protein  molecules  on  the  gold- 
coated  conducting  tip,  which  was  then  in  contact  with  highly  oriented  pyrolytic  graphite 
(HOPG).  The  electric  stability  was  studied  at  a  force  load  less  than  2  nN.  Dielectric 
breakdown  took  place  at  a  bias  higher  than  a  critical  value  at  either  positive  or  negative 
polarization.  Obvious  current  flow  at  small  bias  can  be  observed  when  the  force  is 
beyond  5  nN.  Current-bias  (I-V)  curves  recorded  under  various  tip  force  loads  were 
used  to  estimate  the  resistance  of  protein  at  molecular  level. 

A  theoretical  interpretation  of  the  results,  based  on  a  force  modulation  of  protein  electric 
and  mechanical  properties  will  be  presented. 
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PATENTING  NANOTECHNOLOGY  INVENTIONS  IN  THE  US 

Raj  Bawa,  Ph.D.,  Patent  Agent1 

President,  Bawa  Biotechnology  Consulting,  LLC,  Arlington,  VA  and  Adjunct  Assistant 
Professor,  Rensselaer  Polytechnic  Institute,  Troy,  NY,  USA 


Obtaining  and  protecting  intellectual  property  rights  is  economically  critical  to  any 
research  enterprise  interested  in  commercialization.  Patents  are  the  strongest  form  of 
intellectual  property  protection  and  are  essential  to  the  growth  of  a  nanotechnology 
company.  As  in  the  case  of  biotechnology  and  information  technology,  patents  will 
also  play  a  critical  role  in  the  success  of  the  global  nanotechnology  revolution.  As 
companies  develop  the  products  and  processes  of  nanotechnology,  and  begin  to  seek 
commercial  applications  for  their  inventions,  securing  valid  and  defensible  patent 
protection  will  be  vital  to  their  long-term  survival.  Nanotechnology  is  in  its  infancy. 
Not  only  is  it  an  emerging  technology,  it  is  multidisciplinary  in  nature.  Therefore, 
patenting  in  this  field  poses  unique  opportunities  as  well  as  challenges.  The  full-length 
paper  will  present  key  patent  strategies  for  a  small  tech  inventor.  Examples  are  derived 
from  nanobiotechnology,  pharmaceutical  sciences,  and  biotechnology.  The  paper  will 
also  address  the  role  of  the  US  Patent  and  Trademark  Office,  as  this  federal  agency 
struggles  with  evaluating  nanoscience-related  patent  applications. 


1  Address  for  Correspondence:  Bawa  Biotechnology  Consulting,  LLC,  1801  Crystal  Drive,  Suite  907,  Arlington, 
VA  22202 

E-mail:  rioctorhockev@aol  com 
Tel.:  703-271-1240;  703-582-1745 
FAX:  703-271-8588 

Key  Words:  patent,  nanotechnology,  invention,  commercialization,  small  tech 


TNT2003 


September  15-19,  2003 


Salamanca-Spain  525 


Poster 


TNT2003 


September  15-19,  2003 


Salamanca-Spain 


INDEX 


ALPHABETICAL  ORDER 


TNT2003 


September  15-19,  2003 


Salamanca-Spain 


Presenting  Author 

Country 

Abdel  Mottaleb 

Mohamed 

Germany 

Poster  PB 1 

281 

Acharya 

Somobrata 

Israel 

Poster  PB2 

283 

Agulo 

Sweden 

Poster  PA  1 

1 

Akiba 

Uichi 

Japan 

Poster  PB3 

285 

Alonso 

Julio  A. 

Spain 

Poster  PB4 

287 

Alonso  Cotta 

Monica 

Brazil 

Poster  PB5 

289 

Poster  PB6 

291 

Alvarez-Sanchez 

Ruben 

Spain 

Poster  PA2 

3 

Ambrosio 

Antonio 

Italy 

Poster  PA3 

5 

Arbiol 

Jordi 

Spain 

Poster  PB7 

293 

Arnold 

Walter 

Germany 

Poster  PB8 

295 

Artiaga 

Ramon 

Spain 

Poster  PB9 

297 

Asenjo 

SHHi 

Spain 

Poster  PB  1 0 

299 

Auguste 

Denis 

Belgium 

Poster  PA4 

7 

Auvray 

France 

Poster  PA5 

9 

Avram 

Marioara 

Romania 

Poster  PA6 

11 

Axelrod 

Eikaterina 

Israel 

Poster  PA7 

13 

Axmann 

Yvonne 

Switzerland 

Poster  PA  8 

15 

Andres 

■91 

Poster  PA9 

17 

Azzaroni 

Omar 

Spain 

Poster  PA  1 0 

19 

Babarada 

Florin 

Romania 

Poster  PB  1 1 

301 

Baciu 

Anca  Mihaela 

Romania 

Poster  PA  1 1 

21 

Balcells 

Lluis 

Spain 

Poster  PB  1 2 

303 

Balocco 

Claudio 

UK 

Poster  PA  1 2 

23 

Barberan 

Nuria 

Spain 

Poster  PB  1 3 

305 

Bautista 

Ma  Carmen 

Spain 

Poster  PB  1 4 

307 

Bawa 

Raj 

US 

Poster  PB  1 23 

525 

Bednarz 

Lukasz 

Belgium 

Poster  PA  1 3 

25 

Beecher 

Paul 

Ireland 

Poster  PA  1 4 

27 

Bengochea 

Ana 

Spain 

Poster  PA  1 5 

29 

Berman 

Amir 

Israel 

Poster  PB  1 5 

309 

Betancourt  Riera 

Ricardo 

Mexico 

Poster  PA  16 

31 

Bhusal 

Leknath 

USA 

Poster  PA  1 7 

33 

Bini 

Simone 

Italy 

Poster  PA  1 8 

35 

Blasi 

Laura 

Italy 

Poster  PB  1 6 

311 

Borondo 

Florentino 

Spain 

Poster  PB  1 7 

313 

Brummer 

Maya 

Israel 

Poster  PA  19 

37 

Burke 

Sarah 

Canada 

Poster  PA20 

39 

Burns 

Scott 

USA 

Poster  PA2 1 

41 

Callejas 

Alicia 

Spain 

Poster  PB  1 8 

315 

Castro-Couceiro 

Ada 

Spain 

Poster  PA22 

43 

Casuso 

Spain 

Poster  PA23 

45 

TNT2003 


September  15-19,  2003 


Salamanca-Spain 


Fatima 

Portugal 

Poster  PB 1 9 

317 

Ciobanu 

Gabriela 

Romania 

Poster  PB22 

323 

Ciuparu 

Dragos 

USA 

Poster  PB23 

325 

Celio 

Germany 

Poster  PA26 

51 

Cohen 

Yehezkel 

Israel 

Poster  PA27 

53 

Cohen 

Jacob 

Israel 

Poster  PB24 

327 

Conoci 

Sabrina 

Italy 

Poster  PB25 

329 

Cordon 

Javier 

Spain 

Poster  PA28 

55 

Coronas 

Joaquin 

Spain 

Poster  PB26 

331 

Poster  PB27 

333 

Costa 

Manuel 

Portugal 

Poster  PB28 

335 

Crittenden 

Scott 

USA 

Poster  PA29 

57 

Cui 

Hai-Ning 

Portugal 

Poster  PA30 

59 

Cwilich 

Gabriel 

USA 

Poster  PB29 

337 

Chastellain 

Mathieu 

Switzerland 

Poster  PA  24 

47 

Choi 

Seong 

Korea 

Poster  PB20 

319 

Oksana 

Spain 

Poster  PB21 

321 

Chun 

Ai  Lin 

USA 

Poster  PA25 

49 

De  La  Fuente 

Cesar 

Spain 

Poster  PB30 

339 

De  Toro 

Jose  Angel 

Spain 

Poster  PB31 

341 

Michael 

USA 

Poster  PA3 1 

61 

Dimaki 

Maria 

Denmark 

Poster  PA32 

63 

Docter 

Margreet  W. 

Netherlands 

Poster  PA  3  3 

65 

IB5  1 

Gilberto 

France 

Poster  PA34 

67 

Doppiu 

Stefania 

Spain 

Poster  PB32 

343 

Duque  Calvo 

Fernando 

Spain 

Poster  PA35 

69 

Efrima 

Shlomo 

Israel 

Poster  PB33 

345 

Eisenmenger 

Johannes 

Germany 

Poster  PA  3  6 

71 

Elbaiie 

Laura 

Spain 

Poster  PA37 

73 

Elizalde 

Eduardo 

Spain 

Poster  PB34 

347 

Engstrom 

Olof 

Sweden 

Poster  PB35 

349 

Feiner 

Louis  F. 

Netherlands 

Poster  PB36 

351 

Forsberg 

Erik 

Sweden 

Poster  PB37 

353 

Froufe 

Luis 

Spain 

Poster  PA38 

75 

Poster  PA39 

76 

Fuentes  Garcia 

Manuel 

Spain 

Poster  PA40 

79 

Gemma 

Spain 

Poster  PA41 

81 

Galvao 

Douglas 

Brazil 

Poster  PB38 

355 

Poster  PB39 

357 

Galloo 

Jean-Sebastien 

France 

Poster  PA42 

83 

Garcia 

Miguel  Angel 

Spain 

Poster  PB40 

359 

Garcia  Martin 

Antonio 

Spain 

Poster  PB41 

361 

Garcia  Martinez 

Yamila 

Spain 

Poster  PA43 

85 

Garcia  Prieto 

Ana 

Spain 

Poster  PA44 

87 

TNT2003 


September  15-19,  2003 


Salamanca-Spain 


Garcia  Sanchez 

EBS9MMI 

Spain 

Poster  PA45 

89 

Garcia  Suarez 

Victor  Manuel 

Spain 

Poster  PA46 

91 

Poster  PA47 

93 

Ge 

Xin 

Germany 

Poster  PA48 

95 

Gerber 

Andreas 

Germany 

Poster  PA49 

97 

Golan 

Yuval 

Israel 

Poster  PB42 

363 

Gomez  Cuesta 

Spain 

Poster  PB43 

365 

Gomez  Medina 

Spain 

Poster  PA50 

99 

Gomez  Monivas 

Sacha 

Spain 

Poster  PB44 

367 

Gomez  Navarro 

Cristina 

Spain 

Poster  PA  5 1 

101 

Gomila 

Gabriel 

Spain 

Poster  PB45 

369 

Gonzalez  Ferez 

Rosario 

Germany 

Poster  PB46 

371 

Gonzalez  Perez 

Juan  Carlos 

Brazil 

Poster  PB47 

373 

Gourdon 

USA 

Poster  PB48 

375 

Graf 

Herbert 

Germany 

Poster  PA52 

103 

Granados  Ruiz 

Daniel 

Spain 

Poster  PA53 

105 

Anton 

Sweden 

Poster  PA54 

107 

Guzman  de  Villoria 

Roberto 

Spain 

Poster  PA  5  5 

109 

Poster  PA  5  6 

111 

Hackens 

Benoit 

Belgium 

Poster  PA57 

113 

Han 

Jie 

Netherlands 

Poster  PA58 

115 

Hernando  Campos 

Jordi 

Netherlands 

Poster  PB49 

377 

Herranz 

Gervasi 

Spain 

Poster  PA59 

117 

Hofmann 

UK 

Poster  PA60 

119 

Horansky 

Robert 

USA 

Poster  PA  61 

121 

Jacob 

David 

Spain 

Poster  PA62 

123 

Jacob 

Ajey 

Sweden 

Poster  PB50 

379 

Jimenez 

David 

Spain 

Poster  PBS  1 

381 

Kabir 

Mohammad 

Sweden 

Poster  PA63 

125 

Karthauser 

Silvia 

Germany 

Poster  PB52 

383 

Kinaret 

Jari 

Sweden 

Poster  PB53 

385 

Kipferl 

Wolfgang 

Germany 

Poster  PA64 

127 

Kiricsi 

Imre 

Hungary 

Poster  PB54 

387 

Konya 

Zoltan 

Hungary 

Poster  PB55 

389 

Kuramochi 

Hiromi 

Japan 

Poster  PBS 6 

391 

Langlais 

Veronique 

Spain 

Poster  PB57 

393 

Poster  PBS 8 

395 

Ledenyov 

Viktor 

Ukraine 

Poster  PA65 

129 

Lemme 

Max 

Germany 

Poster  PA66 

131 

Levy 

Raphael 

UK 

Poster  PB59 

397 

Liang 

Gengchiau 

USA 

Poster  PA67 

133 

Lisenkov 

Sergei 

Russia 

Poster  PA68 

135 

Liu 

Yi 

Canada 

Poster  PA69 

137 

Lopez 

Rosa 

Switzerland 

Poster  PB60 

399 

TNT2003 


September  15-19,  2003 


Salamanca-Spain 


Luna 

Carlos 

Spain 

Poster  PA70 

139 

Machado 

Eduardo 

Spain 

Poster  PA71 

141 

Makovec 

Darko 

Slovenia 

Poster  PB61 

401 

Andrei 

Poster  PB62 

403 

Malyvshev 

Andrei 

Poster  PB63 

405 

Marcos  Villa 

Pedro  Angel 

Spain 

Poster  PB64 

407 

Marliere 

Sylvain 

Poster  PA72 

143 

Poster  PA73 

145 

Roser 

Spain 

Poster  PA74 

147 

Martinez 

Benjamin 

Spain 

Poster  PB65 

409 

Martinez 

Maria  Teresa 

Spain 

Poster  PB66 

411 

Mas  Torrent 

Marta 

Netherlands 

Poster  PB67 

413 

Maury 

Pascale 

Netherlands 

Poster  PA75 

149 

Maximov 

Ivan 

Sweden 

Poster  PB68 

415 

Poster  PB69 

417 

Mekhalif 

Zineb 

Belgium 

Poster  PB70 

419 

Poster  PB71 

421 

Melle-Franco 

Manuel 

Italy 

Poster  PB72 

423 

Mena-Osteritz 

Elena 

germany 

Poster  PB73 

425 

Mendes 

Paula 

UK 

Poster  PB74 

427 

Mendoza 

Raquel 

Spain 

Poster  PA76 

151 

Mendoza 

Ernest 

UK 

Poster  PB75 

429 

Miles 

Mervyn 

UK 

Poster  PB76 

431 

Minoux 

Eric 

France 

Poster  PA  77 

153 

Molhave 

Kristian 

Denmark 

Poster  PA78 

155 

Monge 

Miguel 

France 

Poster  PB77 

433 

Montes 

Laurent 

France 

Poster  PB78 

435 

Moshkalyov 

Stanislav 

Brazil 

Poster  PB79 

437 

Poster  PA  79 

157 

Murillo 

Nieves 

Spain 

Poster  PA  80 

159 

Poster  PA  81 

161 

Nascov 

Victor 

Romania 

Poster  PA  82 

163 

Negri 

Fabrizia 

Italy 

Poster  PB80 

439 

Poster  PB81 

441 

Niedbala 

Jolanta 

Poland 

Poster  PB82 

443 

Nikolic 

Konstantin 

UK 

Poster  PB83 

445 

Nikolov 

Ivan 

Bulgaria 

Poster  PB84 

447 

Nita 

Florin 

France 

Poster  PB85 

449 

Maria  Ivonete 

Brazil 

Poster  PB86 

451 

O’Brien 

Garret 

Ireland 

Poster  PA 83 

165 

Ogando 

Eduardo 

Spain 

Poster  PA  84 

167 

Ortega 

Enrique 

Spain 

Poster  PB87 

453 

O'Shea 

Sean 

Singapore 

Poster  PB88 

455 

Otero 

Roberto 

Denmark 

Poster  PB89 

457 

TNT2003 


September  15-19,  2003 


Salamanca-Spain 


Pegaz 

Bernadette 

Switzerland 

Poster  PA  8  5 

169 

Pekala 

Krystina 

Poland 

Poster  PB90 

459 

Pekala 

Marek 

Poland 

Poster  PB91 

461 

Perales  Eceiza 

Alvaro 

Spain 

Poster  PA  8  6 

171 

Perea 

Jose  Ignacio 

Spain 

Poster  PA  8  7 

173 

Perez  Fernandez 

Ma  Jose 

Spain 

Poster  PA  8  8 

175 

Alejandro 

Spain 

Poster  PA  8  9 

177 

Perez  Santos 

Susana 

Spain 

Poster  PB92 

463 

Persano 

Luana 

Italy 

Poster  PA90 

179 

Peter 

Amal  John 

India 

Poster  PB93 

465 

Pichonat 

Emmanuelle 

France 

Poster  PB94 

467 

Pignataro 

Bruno 

Italy 

Poster  PB95 

469 

Pisignano 

Dario 

Italy 

Poster  PA9 1 

181 

Pita 

Marcos 

Spain 

Poster  PA92 

183 

Pomerantz 

Richard 

USA 

Poster  PA93 

185 

Ponomareva 

Inna 

Russia 

Poster  PA94 

187 

Popczyk 

Magdalena 

Poland 

Poster  PB96 

471 

Portinha 

Anibal 

Portugal 

Poster  PA95 

189 

Pozas  Bravos 

Raul 

Spain 

Poster  PA96 

191 

Puente 

Antonio 

Spain 

Poster  PB97 

473 

Rakshit 

Titash 

USA 

Poster  PA97 

193 

Ranchal 

Rocio 

Spain 

Poster  PA98 

195 

Ratera 

Imma 

USA 

Poster  PA99 

197 

Rendon 

Otto 

Venezuela 

Poster  PA  100 

199 

Rengel  Estevez 

Raul 

Spain 

Poster  PB98 

475 

Restrepo 

Alexandre 

Spain 

Poster  PA  101 

201 

Riikonen 

Sampsa 

Spain 

Poster  PA  102 

203 

Robinson 

Luke 

UK 

Poster  PA  1 03 

205 

Rodriguez 

Isabel 

Singapore 

Poster  PB99 

477 

Rodriguez 

Contreras 

Julio 

Germany 

Poster  PA  1 04 

207 

Round 

Andy 

UK 

Poster  PB 1 00 

479 

Royo  Pascual 

Carlos 

Spain 

Poster  PB101 

481 

Ruiz  Perez 

Catalina 

Spain 

Poster  PB  1 02 

483 

Ruths 

Marina 

Finland 

Poster  PB103 

485 

Saal 

Kristjan 

Estonia 

Poster  PA  105 

209 

Sanchez 

David 

Switzerland 

Poster  PB  1 04 

487 

Poster  PB  1 05 

489 

Sanchez  Lotero 

Pedro  Nel 

Spain 

Poster  PA  106 

211 

Sanchez  Portal 

Daniel 

Spain 

Poster  PB  1 06 

491 

Santalla  Arribas 

Silvia  Noemi 

Spain 

Poster  PA  107 

213 

Poster  PA  108 

215 

Sarangi 

Debajyoti 

Switzerland 

Poster  PB  1 07 

493 

Poster  PB108 

495 

TNT2003 


September  15-19,  2003 


Salamanca-Spain 


Sato 

Fuminobu 

Japan 

Poster  PA  1 09 

217 

Seeger 

Torsten 

Spain 

Poster  PB109 

497 

Semenova 

Elizaveta 

Russia 

Poster  PA1 10 

219 

N 

ikolai 

Canada 

Poster  PA  1 1 1 

221 

BglSi 

Victor  Manuel 

Portugal 

Poster  PB 1 1 0 

499 

Sinapi 

Fahrirp 

Belgium 

Poster  PA1 12 

223 

— 

Poster  PA1 13 

225 

Sobolev 

ikolai 

Portugal 

Poster  PB1 1 1 

501 

Solomon 

Gemma 

Australia 

Poster  PA1 14 

227 

Sterian 

Andrea  Rodica 

Romania 

Poster  PA  1 1 5 

229 

Sterian 

Paul 

Romania 

Poster  PB1 12 

503 

Stires 

John 

USA 

Poster  PA  1 16 

231 

Subramanian 

Kavasseri 

UK 

Poster  PA1 17 

233 

Sukyte 

Judita 

Lithuania 

Poster  PB1 13 

505 

Tamborra 

Michaela 

Italy 

Poster  PA1 18 

235 

Tanasa 

Gheorghe 

Netherlands 

Poster  PA1 19 

237 

Tantussi 

Francesco 

Italy 

Poster  PA  120 

239 

Tarrazo  Antelo 

Teresa 

Spain 

Poster  PA121 

241 

Tatte 

Tanel 

Estonia 

Poster  PA  122 

243 

Taylor 

Laura 

USA 

Poster  PA  123 

245 

Teobaldi 

Gilberto 

Italy 

Poster  PA  124 

247 

Teva  Meroiio 

Jordi 

Spain 

Poster  PA  125 

249 

Thomas 

Marjorie 

France 

Poster  PA  126 

251 

Tirosh 

Shay 

Israel 

Poster  PA  127 

253 

Toimil  Molares 

Maria  Eugenia 

WMSBSBESM 

Poster  PB1 14 

507 

Tombolini 

Francesca 

Italy 

Poster  PA  128 

255 

Torrens 

Francisco 

Spain 

Poster  PB  1 1 5 

509 

Triozon 

Francois 

France 

Poster  PB  1 1 6 

511 

Urbina 

Antonio 

Spain 

Poster  PB  1 1 7 

513 

Van  Bruggen 

Martin 

Netherlands 

Poster  PA  129 

257 

Italy 

Poster  PB  1 1 8 

515 

Poster  PB  1 1 9 

517 

Vasallo 

Beatriz  G. 

Spain 

Poster  PA  130 

259 

Vasilyev 

Alexey 

Russia 

Poster  PA1 31 

261 

Vast 

Laurence 

Belgium 

Poster  PA  132 

263 

Vicary 

James 

UK 

Poster  PA  133 

265 

ISSSBSSHHHi 

Maria 

Spain 

Poster  PA  134 

267 

Wakamatsu 

Satoshi 

Japan 

Poster  PA  135 

269 

Welter 

Steve 

Netherlands 

Poster  PA  136 

271 

Williams 

Rene  M. 

Netherlands 

Poster  PB  1 20 

519 

Wouters 

Daniel 

Netherlands 

Poster  PA  137 

273 

Yamada 

Toyokazu 

Netherlands 

Poster  PA  138 

275 

Yang 

Heesun 

USA 

Poster  PA  139 

277 

Yang 

Ming-Hsun 

UK 

Poster  PA  1 40 

279 

TNT2003 


September  15-19,  2003 


Salamanca-Spain 


Zervos 

Matthew 

Netherlands 

Poster  PB121 

521 

Zhao 

Jianwei 

UK 

Poster  PB 1 22 

523 

TNT2003 


September  15-19,  2003 


Salamanca-Spain 


INDEX 


SESSION  A  /  SESSION  B 


TNT2003 


September  15-19,  2003 


Salamanca-Spain 


ession  A 


Presenting  Author 


Alvarez-Sanchez 


Ambrosio 


Betancourt  Riera 


Burns 


Castro-Couceiro 


F  route 


Fuentes  Garcia 


Galloo 


Garcia  Martinez 


Garcia  Prieto 


Ruben 


Antonio 


Denis 


Marioara 


Eikaterina 


Yvonne 


Andres 


Omar 


Anca  Mihaela 


Claudio 


Lukasz 


Paul 


Ricardo 


Leknath 


Simone 


a 


Sarah 


Scott 


Ada 


Mathieu 


Ai  Lin 


Celio 


Yehezkel 


Javier 


Scott 


Hai-Nin 


Michael 


Maria 


Gilberto 


Fernando 


Johannes 


Laura 


iManuel _ 


Gemma 


Jean-Sebastien 


Yamila _ 


Ana 


France 


Romania 


Israel 


Switzerland 


S 


S 


Romania 


UK 


Ireland 


S 


Mexico 


USA 


Israel 


Canada 


USA 


S 


S 


Switzerland 


USA 


Germany 


Israel 


S 


USA 


USA 


Denmark 


Netherlands 


France 


S 


S 


s 


France 


S 


Spain 


Poster  PA1 


Poster  PA2 


Poster  PA3 


Poster  PA4 


Poster  PA5 


Poster  PA6 


Poster  PA7 


Poster  PA8 


Poster  PA9 


Poster  PA  3  0 


Poster  PA1 1 


Poster  PA  12 


Poster  PA  13 


Poster  PA  1 4 


Poster  PA  15 


Poster  PA  16 


Poster  PA  1 7 


Poster  PA  1 8 


Poster  PA  1 9 


Poster  PA20 


Poster  PA21 


Poster  PA22 


Poster  PA23 


Poster  PA24 


Poster  PA25 


Poster  PA26 


Poster  PA27 


Poster  PA28 


Poster  PA29 


Poster  PA30 


Poster  PA3 1 


Poster  PA32 


Poster  PA33 


Poster  PA34 


Poster  PA35 


Poster  PA36 


Poster  PA37 


Poster  PA38 


Poster  PA  3  9 


Poster  PA40 


Poster  PA42 


Poster  PA43 


Poster  PA44 


TNT2003 


September  15-19,  2003 


Salamanca-Spain 


Garcia  Sanchez 


Garcia  Suarez 


Ge 


Gerber 


Gomez  Medina 


Gomez  Navarro 


Graf 


Granados  Ruiz 


Cristina 


Herbert 


Daniel 


Anton 


Guzman  de  Villoria  Roberto 


Hackens 


Han 


Herranz 


Hofmann 


Benoit 


Jie 


Gervasi 


r 


acob 


Kabir 


Robert 


David 


Mohammad 


Lemme 


Lian 


Lisenkov 


Liu 


Luna 


Machado 


Marliere 


Viktor 


Max 


Maun' 


Mendoza 


Minoux 


Molhave 


Murillo 


Nascov 


O'Brien 


Ogando 


Perales  Eceiza 


Perea 


Perez  Fernandez 


ISergei 


Yi 


Carlos 


Eduardo 


Sylvain 


Roser 


Pascale 


Eric 


Kristian 


lYictor 


Garret 


Eduardo 


Bernadette 


lAlvaro 


S 


Sweden 


Netherlands 


S 


UK 


USA 


S 


Sweden 


Ukraine 


USA 


Russia 


Canada 


S 


S 


France 


Netherlands 


S 


France 


Denmark 


Romania 


Ireland 


S 


Switzerland 


S 


S 


S 


S 


Persano 


Luana 


Poster  PA45 

89 

Poster  PA46 

91 

Poster  PA47 

93 

Poster  PA48 

95 

Poster  PA49 

97 

Poster  PA  50 

99 

Poster  PA51 

101 

Poster  PA 52 

103 

Poster  PA53 

105 

Poster  PA  54 

107 

Poster  PA  5  5 

109 

Poster  PA56 

111 

Poster  PA  5  7 

113 

Poster  PA58 

115 

Poster  PA59 

117 

Poster  PA60 

119 

Poster  PA61 

121 

Poster  PA62 

123 

Poster  PA63 

125 

Poster  PA64 

127 

Poster  PA65 

129 

Poster  PA  66 

131 

Poster  PA67 

133 

Poster  PA68 

135 

Poster  PA69 

137 

Poster  PA  70 

139 

Poster  PA71 

141 

Poster  PA72 

143 

Poster  PA73 

145 

Poster  PA74 

147 

Poster  PA75 

149 

Poster  PA76 

151 

Poster  PA77 

153 

Poster  PA 78 

155 

Poster  PA79 

157 

Poster  PA  80 

159 

Poster  PA  81 

161 

Poster  PA  82 

163 

Poster  PA 83 

165 

Poster  PA  84 

167 

Poster  PA  8  5 

169 

Poster  PA  86 

171 

Poster  PA87 

173 

Poster  PA88 

175 

Poster  PA89 

177 

Poster  PA90 

179 

TNT2003 


September  15-19,  2003 


Salamanca-Spain 


ession  A 


Pisienano 


Pita 


Pomerantz 


Ponomareva 


Portinha 


Pozas  Bravos 


Rakshit 


Ranchal 


Ratera 


Rendon 


Riikonen 


Robinson 


Rodriguez 

Contreras 


Saal 


Sanchez  Lotero 


Santalla  Arribas 


Sato 


Semenova 


Sinapi 


Solomon 


Sterian 


Stires 


Subramanian 


Tamborra 


Tanasa 


Tantussi 


Tarrazo  Antelo 


Tatte 


Teva  Merono 


Thomas 


Tirosh 


Tombolini 


ISHH5E! 


Dario 


Marcos 


Richard 


Inna 


Anibal 


Raul 


Titash 


Rocio 


Imma 


Otto 


Alexandre 


Pedro  Nel 


Silvia  Noemi 


Fuminobu 


Elizaveta 


Nikolai 


Fabrice 


Gemma 


Andrea  Rodica 


John 


Kavasseri 


Michaela 


Francesco 


Teresa 


Tanel 


Laura 


Gilberto 


Jordi 


Shay 


Francesca 


Martin 


Beatriz  G. 


Laurence 


James 


Maria 


Italy 


S 


USA 


Russia 


S 


USA 


S 


USA 


Venezuela 


S 


UK 


Russia 


Canada 


Belgium 


Australia 


Romania 


USA 


UK 


Spain 


Estonia 


USA 


Spain 


France 


Israel 


Netherlands 


Spain 


Russia 


Wakamatsu 

Satoshi 

Welter 

Steve 

Netherlands 


Poster  PA91 


Poster  PA92 


Poster  PA93 


Poster  PA94 


Poster  PA95 


Poster  PA96 


Poster  PA97 


Poster  PA98 


Poster  PA99 


Poster  PA  100 


Poster  PA101 


Poster  PA  102 


Poster  PA  103 


Poster  PA  104 


Poster  PA  105 


Poster  PA  106 


Poster  PA  107 


Poster  PA  108 


Poster  PA  109 


Poster  PA1 10 


Poster  PA1 1 1 


Poster  PA1 12 


Poster  PA1 13 


Poster  PA1 14 


Poster  PA1 15 


Poster  PA1 16 


Poster  PA1 17 


Poster  PA1 18 


Poster  PA  1 1 9 


Poster  PA  120 


Poster  PA121 


Poster  PA  1 22 


Poster  PA  123 


Poster  PA  1 24 


Poster  PA  125 


Poster  PA  126 


Poster  PA  127 


Poster  PA  128 


Poster  PA  129 


Poster  PA  130 


Poster  PA131 


Poster  PA  132 


Poster  PA  133 


Poster  PA  134 


Poster  PA135 


Poster  PA  136 


TNT2003 


September  15-19,  2003 


Salamanca-Spain 


Session  A 


Wouters 

Daniel 

Netherlands 

Poster  PA  137 

273 

Yamada 

Netherlands 

Poster  PA  138 

275 

Yang 

Heesun 

USA 

Poster  PA  139 

277 

Yang 

UK 

Poster  PA  140 

279 

TNT2003 


September  15-19,  2003 


Salamanca-Spain 


Abdel  Mottaleb 

Mohamed 

Acharya 

Somobrata 

Akiba 

Uichi 

Alonso 

Julio  A. 

Alonso  Cotta 

Monica 

Arbiol 

Jordi 

Arnold 

Walter 

Artiaga 

Ramon 

Asenjo 

Agustina 

Babarada 

Florin 

Balcells 

Lluis 

Barberan 

Nuria 

Bautista 

Ma  Carmen 

Berman 

Amir 

Blasi 

Laura 

Borondo 

Florentino 

Callejas 

Alicia 

Fatima 

Choi 

Seong 

Chubykalo 

Oksana 

Ciobanu 

Gabriela 

Ciuparu 

Dragos 

Cohen 

Jacob 

Conoci 

Sabrina 

Coronas 

Joaquin 

Costa 

Manuel 

Cwilich 

Gabriel 

De  La  Fuente 

Cesar 

De  Toro 

Jose  Angel 

Stefania 

Efrima 

Shlomo 

Elizalde 

Eduardo 

Engstrom 

Olof 

Feiner 

Louis  F. 

Forsberg 

Erik 

Galvao 

Douglas 

Garcia 

Miguel  Angel 

Garcia  Martin 

Antonio 

Israel 


Japan 


Spain 


Brazil 


Spain 


Germany 


Spain 


Spain 


Romania 


Spain 


Spain 


Spain 


Israel 


Italy 


Spain 


Spain 


Portugal 


Korea 


Spain 


Romania 


USA 


Portugal 


USA 


Spain 


Spain 


Spain 


Israel 


Spain 


Sweden 


Netherlands 


Sweden 


Poster  PB 1 


Poster  PB2 


Poster  PB3 


Poster  PB4 


Poster  PB5 


Poster  PB6 


Poster  PB7 


Poster  PB8 


Poster  PB9 


Poster  PB10 


Poster  PB  1 1 


Poster  PB  1 2 


Poster  PB  1 3 


Poster  PB14 


Poster  PB  1 5 


Poster  PB  1 6 


Poster  PB  1 7 


Poster  PB  1 8 


Poster  PB  1 9 


Poster  PB20 


Poster  PB21 


Poster  PB22 


Poster  PB23 


Poster  PB24 


Poster  PB25 


Poster  PB26 


Poster  PB27 


Poster  PB28 


Poster  PB29 


Poster  PB30 


Poster  PB31 


Poster  PB32 


Poster  PB33 


Poster  PB34 


Poster  PB35 


Poster  PB36 


Poster  PB37 


Poster  PB38 


Poster  PB39 


Poster  PB40 


Poster  PB41 


TNT2003 


September  15-19,  2003 


Salamanca-Spain 


Golan 


Gomez  Cuesta 


Gomez  Monivas 


Gomila 


Gonzalez  Ferez 


Gonzalez  Perez 


Gourdon 


ir 


acob 


Jimenez 


Karthauser 


Kinaret 


Kiricsi 


Konya 


Kuramochi 


Langlais 


Lopez 


Makovec 


Malyvshev 


Marcos  Villa 


Martinez 


Martinez 


Mas  Torrent 


Maximov 


Mekhalif 


Melle-Franco 


Mena-Osteritz 


Mendes 


Mendoza 


Miles 


Monge 


Montes 


Negri 


Niedbala 


Nikolic 


Nikolov 


Nita 


Yuval 

Israel 

Poster  PB42 

363 

Ignacio 

Spain 

Poster  PB43 

365 

Sacha 

Spain 

Poster  PB44 

367 

Gabriel 

Spain 

Poster  PB45 

369 

Rosario 

Germany 

Poster  PB46 

371 

Juan  Carlos 

Brazil 

Poster  PB47 

373 

Delphine 

USA 

Poster  PB48 

375 

Jordi 

Netherlands 

Poster  PB49 

377 

Ajey 

Sweden 

Poster  PB50 

379 

David 

Spain 

Poster  PB5 1 

381 

Silvia 

Germany 

Poster  PB52 

383 

Jari 

Sweden 

Poster  PB53 

385 

Imre 

Hungary 

Poster  PB54 

387 

Zoltan 

Hungary 

Poster  PB55 

389 

Hiromi 

Japan 

Poster  PB56 

391 

Veronique 

Spain 

Poster  PB57 

393 

Poster  PB58 

395 

Raphael 

UK 

Poster  PB59 

397 

Rosa 

Switzerland 

Poster  PB60 

399 

Darko 

Slovenia 

Poster  PB61 

401 

Spain 

Poster  PB62 

403 

Poster  PB63 

405 

Pedro  Angel 

Spain 

Poster  PB64 

407 

Benjamin 

Spain 

Poster  PB65 

409 

Maria  Teresa 

Spain 

Poster  PB66 

411 

Marta 

Netherlands 

Poster  PB67 

413 

Ivan 

Sweden 

Poster  PB68 

415 

Poster  PB69 

417 

Zineb 

Belgium 

Poster  PB70 

419 

Poster  PB71 

421 

Manuel 

Italy 

Poster  PB72 

423 

Elena 

Germany 

Poster  PB73 

425 

Paula 

UK 

Poster  PB74 

427 

Ernest 

UK 

Poster  PB75 

429 

Mervyn 

UK 

Poster  PB76 

431 

Miguel 

France 

Poster  PB77 

433 

Laurent 

France 

Poster  PB78 

435 

Stanislav 

Brazil 

Poster  PB79 

437 

Poster  PB80 

439 

Poster  PB81 

441 

Jolanta 

Poland 

Poster  PB82 

443 

Konstantin 

UK 

Poster  PB83 

445 

Ivan 

Bulgaria 

Poster  PB84 

447 

Florin 

France 

Poster  PB85 

449 

TNT2003 


September  15-19, 2003 


Salamanca-Spain 


ession  B 


Nogueira  da  Silva 


Ortega _ 


O'Shea 


Otero 


Pekala 


Pekala 


Perez  Santos 


Peter 


Pichonat 


Pignataro 


Puente 


Rengel  Estevez 


Rodriguez _ 


Round 


Royo  Pascual 


Ruiz  Perez 


Ruths 


Sanchez 


Sanchez  Portal 


Sarangi 


Shaposnikov 


Sobolev 


Sterian 


Sukyte _ 


Toimil  Molares 


Torrens 


Triozon 


Urbina 


Vanossi 


Williams 


Zervos 


Zhao 


iMaria  Ivonete 


Sean _ 


Roberto 


Marek _ 


Susana _ 


|Amal  John 


Emmanuelle 


Bruno 


lAntonio 


Raul 


jlsabel 


Carlos 


Catalina 


Marina 


iDaniel  _ 


Debajyoti 


Torsten 


IVictor  Manuel 


[Maria  Eugenia 


Francisco 


[Francois _ 


[Antonio _ 


Andrea 


[Rene  M. _ 


Matthew _ 


Jianwei 


Brazil 


S 


Singapore 


Denmark 


Poland 


Poland 


S 


India 


France 


Italy 


Poland 


S 


S 


Singapore 


UK 


Switzerland 


Germany 


Spain 


France 


Netherlands 


Netherlands 


UK 


US 


Poster  PB86 


Poster  PB87 


Poster  PB88 


Poster  PB89 


Poster  PB90 


Poster  PB91 


Poster  PB92 


Poster  PB93 


Poster  PB94 


Poster  PB95 


Poster  PB96 


Poster  PB97 


Poster  PB98 


Poster  PB99 


Poster  PB 1 00 


Poster  PB1 01 


Poster  PB  1 02 


Poster  PB103 


Poster  PB  1 04 


Poster  PB105 


Poster  PB  1 06 


Poster  PB  1 07 


Poster  PB108 


Poster  PB  1 09 


Poster  PB  1 1 0 


Poster  PB  1 1 1 


Poster  PB  1 1 2 


Poster  PB  1 1 3 


Poster  PB  1 1 4 


Poster  PB  1 1 5 


Poster  PB  1 1 6 


Poster  PB  1 1 7 


Poster  PB1 18 


Poster  PB  1 1 9 


Poster  PB120 


Poster  PB  1 2 1 


Poster  PB122 


TNT2003 


September  15-19,  2003 


Salamanca-Spain 


med  at  the*  fourth  “Trends  irf 
:han  425  scientists  from  Europe* 
pjded  this  event  and  contributed 
bh  in  Nanotechnology. 


straps  4>f  the  contributions  prel 
JO^'international  ;c‘dnference.  MoVi 
Indfother  countries  worldwide  a| 
iscussio6s  about  their*fecent  reie 


This  book  c 

jirJ:  s^j 

Nanotechncrtj 
the  United  Sj 
with  talks,  6c 


it 

Mi 

M  A 

»  ] 

I 

Sil 

